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ABSTRACT
The lignin, etude protein and gross energy contents and digesti­
bility of herbage, pasture quantity and quality scores, and animal per­
formance (milk production and body weight changes) were used as measures 
to evaluate permanent pastures during an entire growing season from 
April to September, 1960. The reliability and accuracy of each inde^ 
pendent variable in predicting milk production, and also the relation­
ships among these variables were studied.
The pastures consisted mainly of first year seeding in oats, 
grasses including ryegrass, clovers, volunteer grasses, and sod-seeded 
oats and ryegrass in succeeding years.
The milking herd, consisting of Jerseys, Holsteins and Sindhi 
crosses, received pasture as the sole source of forage, plus a 
concentrate allowance based on individual production. A positive 
control group of cows fed an optimum diet of good quality alfalfa 
hay and grain was used for indicating the inherent producing ability 
of the lactating animals.
Four digestion trials (April 8 to 21, May 24 to June 7, July 1 
to 14, and August 15 to 28) were conducted using chromic oxide as an 
external indicator to measure fecal dry matter output, and lignin in 
forage as an internal indicator to determine digestibility. Pasture 
herbage samples were collected throughout the experimental period by 
observing the cows while grazing and hand plucking samples which closely 
represent what the animals consumed. Forage samples obtained from two
xii
V
esophageal fistulated cows were used to test the reliability of this 
technique for collecting forage actually consumed by grazing dairy
t
cattle. Milk production records, pasture quantity and quality scores, 
ambient temperatures and the amount of precipitation were obtained daily.
The average crude protein content of pasture herbage decreased 
significantly (P ^  .01) from 21.49 per cent in April to 13.42 per cent 
in August, with the greatest significant decline between April and June; 
while lignin increased significantly (P^ .01) from 5.55 per cent in 
April to 9.07 per cent in July, followed by a significant decline in 
August to 6.98 per cent. The gross energy values ranged from 4,289 to 
4,312 calories per gram and remained fairly constant throughout the 
period.
The esophageal fistula herbage samples contained significantly 
higher (P ^ .01) lignin and ash, and lower in gross energy contents than 
the hand-plucked samples.
The digestibility of pasture herbage was higher during the early 
part of the growing season (April to May), followed by a significant 
decline (P ^ .01) during mid-summer (June to sTuly), and a slight improve­
ment in the latter part of August. Similar trends were obtained in 
the average pasture quality score and the average dry matter intake by 
cows. Highly significant (P ^.01) correlation coefficients were 
obtained between these measures.
Very low significant correlations were obtained between the 
measure of milk production and pasture quality score and crude protein 
in herbage. Only 3.7 to 4.9 per cent of the variations in milk production
xiii
was found to be due to regression on the independent variables. The 
variations in milk fat and solids-not-fat production were principally 
due to variations in actual milk production.
Highly significant positive correlations were obtained between 
quality score and crude protein, quality score and gross energy 
values, and between crude protein and gross energy; while those between 
quality score and mean daily temperature, and quality score and lignin 
were negative at P ^.01. These variables were also found to be 
highly correlated with herbage digestibility.
These results indicate that quality score, or the lignin or 
crude protein content of forage may be useful criteria of the digesti­
bilities of dry matter, crude protein and gross energy of pasture 
herbage, and therefore, may be good measures of the nutritive value of 




It has been recognized for some time by most progressive dairy 
farmers that pasture is important in the economical production of milk. 
These farmers regard pasture as the most economical good feed avail­
able and the most convenient to feed, and the pasture land as being 
the most profitable acreage on the farm. Pasture furnishes approxi­
mately 50 per cent of the feed for dairy cattle in the southern and 
southwestern states compared to approximately 25 per cent in the 
northwestern and North Atlantic states (40).
In the southern region of the United States, permanent pastures 
can provide grazing nine months during the year and possibly all year 
round if properly supplemented during periods of low productivity. 
Louisiana dairy farmers experience a definite drop in milk production 
during the summer months. This decrease is usually attributed to 
the direct effect of hot, humid climate on the dairy cow. However, 
recent studies have shown that this summer slump in milk production 
is mainly a nutritional problem due to low quality of herbage avail­
able at that time (7).
With permanent pastures varying considerably in their feeding 
value at different periods of the year, their evaluation during the 
entire growing season is important, particularly, as grazed by the 
animal and in terms of characteristics which make pasture valuable 
to the animal. The dairy farmer and the animal breeder are also 
interested in obtaining optimum economical milk production. With 
proper evaluation techniques and adjustment of the feeding program it
2
is possible to minimize that particular part of the environmental 
variation due to pasture.
The measurement of the nutritive value of pasture herbage 
has been a subject of widespread interest; however, very little 
study of this phase has been done using dairy animals. Therefore, 
this investigation was undertaken at the Iberia Livestock Experiment 
Station, Jeanerette, Louisiana with lactating cows grazing permanent 
pastures with the following objectives: a) to determine the nutritive
value of permanent pastures during the entire growing season in 
terms of lignin, digestible protein, digestible energy, digestible 
dry matter, animal performance and visual inspection; b) to determine 
the relationship between, and the reliability and accuracy of each 
measure, and c) to test the reliability of the esophageal fistula 
cannula as a method of collecting forage actually consumed by 
grazing dairy cattle.
II. REVIEW OF LITERATURE
A. Methods of Expressing Nutritive Value
There are three measures of nutritive value in common usage 
which represent the difference between the feed consumed and the 
feces voided. These are digestible dry matter (DDM), (or digestible 
organic matter), total digestible nutrients (TDN) and digestible 
energy (DE).
Morrison's feeding standards, which are undoubtedly the most 
widely used standards in the United States and other countries, are 
based upon TDN as a measure of the energy requirements of animals 
and the energy value of feeds. In the last two decades, there has 
developed an appreciation of the shortcomings and inaccuracies in­
herent in the determination of TDN (55, 63, 90, 102, 103). In 
1944, Maynard (62) cautioned against widespread use of average proxi­
mate values. Schneider (94) also pointed out that TDN is lacking in 
scientific concepts and nutrition theory as compared with other 
measures of nutritive energy. One of the main criticisms in its 
determination is the number of chemical analyses required and the 
inaccuracy of the methods, especially that of determining the carbo­
hydrate portions. Kane (47) further stated that the TDN system 
overevaluates forages.
In 1950, Swift et al. (104) of the Pennsylvania State College 
made the following statement that "in the determination of TDN, the 
feed and feces are separated, in a manner of speaking, by empirical
chemical analyses into component parts. The digestibility of each 
component is determined and in accord with their respective digestion 
coefficients the parts are reassembled to constitute a TDN value 
expressed on a weight basis. The underlying energy aspect of the 
process is tacitly recognized by giving the same weight value to 
digestible protein and carbohydrates, and by multiplying digestible 
ether extract by 2.25 before including it in the TDN appraisal". In 
1957, Swift (103) stated further that the determination of TDN may be 
looked upon as a laborious, cumbersome, indirect and inaccurate effort 
to determine digestible energy. Several investigators (55, 102, 103) 
stated that the obvious practical procedure to overcome these uncer­
tainties is to determine the gross energy content of the feed and 
feces by means of a bomb calorimeter and to express the difference 
between the two values as digestible energy.
Considering that a major function of feedstuffs, especially 
carbohydrates, is to furnish energy, it is logical to concentrate 
attention on digestible energy without regard as to whether it ori­
ginates from starch, cellulose or crude fiber. The determination of 
digestible energy is one of the most accurate analysis performed in 
the laboratory and is a valuable and direct method of determining 
digestibility of feedstuffs. It serves the same purpose as TDN with 
increased accuracy.
About 30 years ago, Overman and Gaines (75) advocated the use 
of digestible energy in place of the indirect TDN procedure. They 
made the statement that "so far as dairy cows are concerned, it would 
appear entirely sufficient to determine for the various feeding stuffs
simply the content of energy and protein and their digestibility 
coefficients".
Swift (102) suggested in a statement he sent to some 15 
prominent workers in the field the adoption of digestible energy in 
place of TDN, and reported to have received replies which were in 
complete agreement to the superiority of this experimental procedure.
He further reported that the Committee on Animal Nutrition was sym­
pathetic toward the suggestion of adopting it as a routine measure 
and appreciated its soundness but was reluctant to make any abrupt 
change. This was primarily due to the fact that there was no re­
liable basis for expressing the vast number of TDN values accumulated 
throughout a period of many years on the digestible energy basis.
Swift (103) reported that the Northeast Regional Technical Committee 
had adopted digestible energy as the common yardstick in comparing 
the nutritive value of forages.
Lofgreen (55) reported that TDN values calculated by the calor- 
imetric method resulted in a more accurate estimation of energy value 
of a feed or ration than the conventional method because the bomb 
calorimeter gives the various nutrients their proper heat of combustion 
values. In the conventional method, the assumption is made that all 
the proteins and carbohydrates in all feeds are of equal value and 
that all fats have an energy value of 2.25 times that of carbohydrates 
and proteins. Such assumptions may result in improper evaluation of 
the feed or ration. For this reason he presented a procedure for this 
calculation as follows: a) determine moisture, ash, ether extract
and energy in the feed; b) determine moisture and energy in the feces;
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c) calculate per cent gross energy which is digested; d) calculate 
the conversion factor by the formula (A), where P.M. = per cent organic
(A) F = °- M - x 100(E. E. x 2.25) - E. E.
100 100 
matter in feed and E, E. = per cent ether extract in the organic matter
e) multiply the percentage of digestible energy by the conversion
factor to obtain the value comparable to TDN.
Metabolizable energy (feed energy minus the energy of the 
feces, urine and methane) and net energy (metabolizable energy minus 
heat increment) have been reported by several investigators (33, 47, 
103) to be very satisfactory and accurate measures of the nutritive 
value of feeds. However, very few laboratories are equipped for the 
determination of complete energy balance. Hardison (33) reported 
that since relatively constant proportions of metabolizable energy 
are put into such functions as milk production, maintenance and body 
increase, a measure of digestible matter or energy is the best practi­
cal measure of the productive value of forage that can be obtained with
facilities in all laboratories,
B. Herbage Selection by Grazing Animals
Several outstanding investigators (35, 39, 43, 57, 68) have 
shown that animals graze selectively. Selective grazing, or the 
difference between what is available to the animal and what the animal 
actually consumes, has been a major obstacle to the effective study 
of the amount and character of the forage consumed by the freely
grazing animal (80, 113) .
It has been commonly noted that grazing animals select certain 
plants over certain others, and leaves over stems. Some species of 
animals are more discriminating than other species. This selectivity 
exercised by grazing animals seems to be influenced by several factors 
associated with the character of the plants and the nature of the 
animal. Cook et al. (11) in studies with grazing sheep found that 
intensity of grazing and abundance of palatable plants were the major 
factors controlling the foraging sheep's diet. Cook et al. (14) 
reported that since sheep selected largely leaves and stem tips, the 
quality of the ingested forage was much greater than the bulk chemical 
analysis would suggest. Similar observations were reported by 
Richards and Reid (88) with grazing sheep.
r '
In a study at the Cornell Station on the degree of selective 
grazing by steers as evidenced by fecal composition, Hardison et al. 
(35) found that forage hand-clipped and fed to steers was only 91.6 
per cent as digestible as that actually consumed. In later trials 
conducted with six herbages, each at three to five different stages of 
growth, they found that the average diet selected by grazing animals 
contained 23.3 per cent more crude protein, 37.3 per cent more fat, 
25.6 per cent more ash, and 16.8 per cent less crude fiber than the 
clipped herbage available for consumption. The data also showed that 
all nutrients of the herbage selected by grazing steers were consis­
tently more digestible than those of whole herbage hand-fed to similar 
animals. They further stated that the digestibility of clipped her­
bage is of uncertain value and may be quite misleading in estimating
8
the value of pasture under grazing conditions. Similar conclusions 
were made by Johnstone-Wallace et al. (44, 45) in their studies 
of the composition of hand-plucked herbage samples.
Baker and coworkers (4) in their study of factors affecting 
the consumption of Sudan grass by dairy cows, reported that the total 
intakes of the hand-fed forage ranged from 100 to 222 pounds, and of 
the grazed forage from 119 to 252 pounds. The digestibility of the 
grazed forage was four percentage units higher than the hand-fed 
forage.
Several research workers (39, 92, 115) found that the concen­
tration of nitrogen is higher in the feces of grazing animals than 
in those of animals fed clipped herbage from the same source. This 
provided a more objective kind of evidence for selective grazing as 
well as for the inadequacy of manually sampled herbage. As a result 
of employing a grazing steer with rumen fistula, Saltonstall (92) 
found that the herbage ingested contained more nitrogen than either 
a clipped or hand-plucked sample. He also found a lower level of 
lignin in the feces of grazing sheep as compared to those of sheep 
fed herbage from the same source which suggested that grazing sheep 
select portions of plants which are lower in lignin than the whole 
clipped plant. These findings provide indirect evidence that the 
leafy portion of plants is preferred to the stemmy portion by grazing 
animals.
The discriminating grazing habits of animals have been 
explained by Stapledon (100) on the basis that animals "sense" the 
need for a particular kind or quality of herbage. In New Zealand,
Hancock (32) studied the grazing habits of dairy cows and showed that 
certain sets of monozygotic twins were more discriminating grazers 
than others while both members of a given set of twins select herbage 
to about the same degree. These observations suggest that certain 
characteristics inherent in animals influence the selectiveness 
exercised in grazing.
In 1959, Alba (1) stated that that forage consumed by grazing 
animals is of greater nutritional value and attributed this to the 
ability of the animals to graze selectively. He further stated that 
selection more than compensated for the loss in energy due to grazing 
provided the animal was given a good chance to select. Overgrazing 
resulted in lesser degree of selectivity. Therefore, he concluded 
that reasonably good pastures are quite capable of meeting the 
nutritional needs of bovines.
At the Great Basin area, Cook et al. (17) pointed out that 
range forage is harvested by the grazing animal in an assortment of 
species and portions of plants determined by the selectivity of the 
animal. This selectivity may be influenced by several factors such 
as: species of animal, intensity of grazing, plant species present,
stage of growth, abundance of forage and general climatic conditions.
In the same way diets may vary widely, thereby exerting a profound 
influence on the actual intake of nutrients by grazing animals, and 
thus making the evaluation of the nutrients of the diet difficult.
In another study, Cook et al. (16) found that, as the degree of utiliza­
tion increased, the content of the more desirable nutrients in the 
available forage decreased, and in addition, the digestibility of these
10
nutrients was decidedly lowered. These agree with the observations 
and results reported by Raymond (79) . Thus, with heavier utilization, 
the animals were forced to consume the less nutritious portions of the 
plants, and as a result, the available nutrients frequently were not 
adequate to meet the demands of the grazing animals. In addition to 
the changes in nutritive value of the forage, the animals may be 
advancing in gestation and the nutritional requirements are rapidly 
increas ing.
In 1957, Meyer et al. (68) made a comparison of the relative 
selectivity in grazing of cattle and sheep on two kinds of pasture 
in connection with their studies of soilage versus pasture. Results 
showed that when herbage was fed as soilage, there was no difference 
in the TDN content of the forage consumed by cattle or sheep. The 
TDN content of the trefoil-orchard grass pasture consumed by cattle 
and sheep was also the same, but on alfalfa pasture both cattle and 
sheep selected material of a higher TDN content than that fed as 
soilage. The sheep were found to be more selective than the steers.
It was also reported that on the trefoil-orchard grass pasture, most 
of the dry matter available was consumed by both species; however, on 
the alfalfa pasture, the cattle consumed only about 60 per cent of 
that available and the sheep less than 50 per cent.
Heady and Torell (37) studied the forage preference exhibited 
by sheep with esophageal fistulas. They reported that animals showed 
a high preference for bur clover leaves in May and for seeds in July, 
and that bur clover was avoided during the winter. They also reported 
much variation existing between sheep in the preference for plant
11
species on a short time basis but over the whole season very little 
difference appeared in the diets of different animals.
C. Sampling of Herbage
In nutrition studies, several methods for collecting forage 
samples for chemical determinations have been used. Clipping of 
forages has been most extensively employed in this respect. This 
method gives not only the chemical composition of the forage but also 
the yield as well. However, because of animal preference for some 
plants oyer others and their habit of grazing at random heights,
Torell (107) stated that this method does not give an accurate picture 
of the forage actually consumed by the animals, especially those 
grazing on mixed range pastures.
This problem of obtaining samples of forages which truly 
represent that selected by the grazing animal has long vexed research 
workers in their attempts to evaluate pasture and range feed.
The collection of forage samples by carefully observing the 
grazing animals and hand plucking plant materials comparable to that 
consumed by the animals have been used by investigators at the Utah 
and Louisiana Agricultural Experiment Stations (7, 12, 18, 23). Other 
workers (38, 41, 85, 86) have used the difference between harvest from 
protected and unprotected plots as a measure of ingested material.
Cook et al. (14) used a similar method which consisted of collecting 
specific plant units before grazing and again after grazing. The 
difference in weight and chemical composition between the two sets of 
samples served as a measure of ingested forage and nutrients.
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Investigators (96) at the Washington Station collected pasture 
herbage samples by walking among sheep while they were grazing and 
plucking the portion of the plant observed to be consumed. In spite 
of spending about one and one-half to two hours with the sheep daily 
these workers were doubtful that the plucked samples were truly 
representative of the forage ingested by them. Smith et al. (98) 
compared the hand plucking method with a plot clipping method on the 
basis of chemical analyses. In two of three trials the samples collec­
ted by following the steers were higher in crude protein and lower 
in crude fiber than the samples taken by clipping the plots.
Forbes (25) stated that with simple forage species at a uniform 
stage of maturity, hand-plucking is reasonably reliable. Cook et al. 
(18) stated that hand-plucking is totally inadequate on complex mix­
tures of plant species. As a result of their observations of grazing 
animals and their studies of the composition of hand-plucked herbage 
samples, Johnstone-Wallace et al. (44, 45) concluded that the chemical 
composition of the herbage available to grazing animals is an unre­
liable index of the composition of the herbage actually grazed. This 
was confirmed by Schneider et al. (96) and Tribe (109).
In Austria, Schecktner (93) described a sampling technique for a 
grassland experiment with the use of two instruments. The first was 
a fodder borrer used in sampling mown hay for dry matter content and 
chemical analysis. The essential feature of this instrument is its 
spiral cut which increases the number of plants represented in the 
sample. The second instrument was a pair of grass-clipping shears.
The grass was cut in a long, narrow strip, and the sample satisfied
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the requirement of including as many plants as possible.
The above methods are indirect, tedious and time-consuming, 
and cannot duplicate the actual diet of the grazing animal because 
they do not take into account the ability of the animal to graze 
selectively. Many investigators (2, 18, 46, 107) have felt that the 
only practical means of pasture evaluation which will obviate such 
limitations is through the use of the animal itself as the sampling 
agent. To accomplish this, Torell (107) conducted a series of trials 
which eventually resulted in the preparation of an esophageal fistula. 
This enabled the animal to eat and drink normally, and could be opened 
allowing the forage eaten to be diverted through the fistula into a 
collecting bag. The fistula made possible the collection of the 
fresh forage before it had undergone any chemical changes in the diges­
tive system other than those occurring in the mouth. Cook and co­
workers (18) at the Utah Station developed a cannula for the fistula 
which facilitated opening and closing of the fistula. Torell (108) 
further improved the technique by the use of a stainless steel surgi­
cal screen embedded in the tissue around the fistula to strengthen 
the tissues.
Initial work by Bath et al. (5) indicated little change in 
the chemical composition of the fistula-collected samples of hand- 
harvested feeds of known composition. The slight increase in the 
ash content of fistula samples was theoretically explained on the 
basis of the mineral content of saliva. The slightly lower lignin 
content may have reflected some selectivity of the portion of the 
sample eaten as there was a small weighback. Similar increase in ash
content of extruded feedstuffs were obtained by McManus (65) in 
Australia from a study using different animals with esophageal fistu­
las. Results also showed no change in the nitrogen content. More 
recent investigations have shown that other changes occur through 
fistula sampling (56, 57). Lesperance et al. (56) developed techni­
ques to sample grazed forage with sheep using both esophageal and 
rumen fistulas. A comparison between feeds of known composition and 
the fistula samples revealed that significant changes were noted in 
the amount of crude fiber, nitrogen-free extract and energy. Fistula 
samples were highly contaminated with mineral matter. In 1960, 
Lesperance et al. (57) conducted four grazing trials using steers with 
either rumen or esophageal fistula to study some measures which indi­
cated that selective grazing occurred during the grazing period. 
Results showed that the percentage of grass in the grazing animal's 
diet increased as the grazing period progressed, and conversely, the 
percentage of broad-leaved plants decreased. Protein decreased and 
crude fiber increased in fistula samples with respect to time, even 
though the chemical composition of clipped samples remained fairly 
constant. It was concluded from this study that the composition of 
fistula samples failed to agree with the composition of samples 
hand-harvested from protected areas the same day. Other studies by 
Weir et al.(113, 114) on selective grazing by sheep were conducted 
to compare the chemical composition of forage samples obtained by 
hand-clipping and by esophageal fistulated sheep on a wide variety 
of range and pasture conditions at various seasons of the year.
Results showed that on all occasions on all pastures, the protein
content of the fistula sample was higher than the corresponding clipped 
sample. The crude fiber content of hand-clipped samples was always 
higher than that of esophageal samples from pastures that were ungrazed 
however, when the pasture or range had been grazed by other sheep, 
the difference was smaller, and on a few occasions the esophageal 
fistula sample contained more fiber than the hand-clipped sample.
Edlefsen et al. (23) compared the chemical composition of 
diets obtained by fistula and hand plucking methods, and found 
differences to be statistically significant for all constituents 
except ether extract, total protein and cellulose. The greatest 
differences were found in ash and phosphorous. It was concluded that 
even though the differences between these methods were statistically 
significant, they were not of sufficient magnitude to eliminate either 
method for use in digestibility trials with grazing animals.
D. Methods of Measuring Forage Consumption
Various methods of measuring forage consumption of foraging 
animals have been suggested and reported.
1. Clipping Method.
Garrigus and Rusk (30) described this method as follows: 
a) the total forage available to an animal on a given experimental 
pasture area is estimated, either by cutting sample strips across the 
experimental area, or by clipping a similar area close by; b) when 
this estimate is made, the animal is permitted to grase the experi­
mental area for 24 hours; c) the remaining forage is then clipped 
and weighed. The difference between this remaining amount of forage
and the estimated total is considered to be the amount of forage and 
the estimated total is considered to be the amount consumed by the 
grazing animal. Two techniques have been used by these investigators 
for clipping the pasture. The first involves the use of 4 x 4 feet 
(or any convenient size) pasture cages from which the protected herbage 
is clipped with hand shears to about 2 inches in height. The second 
technique consists of mowing strips 3 x 30 feet in size to an approxi­
mate height of 2 inches with a sickle mower.
After making a very critical review of this clipping method, 
Garrigus and Rusk (30) stated that a logical way to check the accuracy 
of the data on forage consumption secured by this method is to com­
pare the energy content of the forage reported to have been consumed 
with the energy requirements for maintenance and production of the 
animal used. Rough estimates indicated that the amount of forage 
reported to have been consumed would have barely provided, or in some 
cases failed to provide even a maintenance ration for the animal in 
question.
In a comparison of two methods of evaluating forages, Carter 
et al. (10) reported'that estimates of grazing intake obtained by the 
agronomic difference method, i.e. by estimating yields of herbage 
before and after grazing by cutting techniques, were significantly 
higher, up to 50 per cent, than estimates obtained by the indicator 
method. Other investigators (61, 77) obtained similar results.
2. Erizian's Method.
This method devised by Erizian (24), a German investigator, 
is interesting but rather laborious. The animal is weighed at the
beginning and at the end of the grazing period. The urine and feces 
voided during the grazing period are caught and weighed by attendants, 
and the insensible loss in body weight is calculated with the aid of 
previously determined constants. The final weight of the animal plus 
the weight of the excreta and calculated insensible loss minus the 
initial weight of the animal gives the weight of the forage consumed 
during grazing. Erizian pointed out that the accuracy of this method 
is primarily dependent on the accuracy with which the total insensible 
loss during the grazing period is estimated.
Some of the important errors and criticisms on the clipping 
and Erizian methods have been discussed by Schneider and coworkers 
(96).
3. Drv-matter Consumption-excretion Ratio.
This method, as developed by Garrigus and Rusk (30), is based 
on the assumption that under uniform conditions and for a reasonable 
length of time, the percentage of dry matter consumed that will be 
digested and defecated by a grazing animal will be almost constant.
Unlvorm conditions refer to the source of the dry matter consumed is 
roughage of uniform species, stage of maturity and chemical composition.
In this method the dry matter consumption-defecation ratio for a given 
animal fed clipped herbage is determined in a regular digestion trial 
during the first part of the experiment; then the animal is allowed to 
graze in the pasture, and a total collection is made. The forage consump­
tion by the animal while grazing is calculated by dividing the total dry 
matter defecated by the consumption-defecation ratio. To reduce the 
error in this method due to changing chemical composition of the
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herbage which is impossible to control, Forbes and Garrigus (27) 
suggested a simultaneous dry matter herbage which is impossible to 
control, Forbes and Garrigus (27) suggested a simultaneous dry matter 
excretion ratio method. Here the feces are collected from two groups 
of animals at the same time, one group being fed controlled amounts of 
clipped herbage in digestion stalls and the other being allowed to 
graze freely on similar herbage. In both the original and revised 
methods, another inherent error was pointed out by Woolfolk (115) 
in that the grazing animals may not select herbage of similar compos­
ition to that clipped and fed to the animals in digestion stalls. 
Furthermore, there is too much time, labor and expense involved to 
conduct two digestion trials.
Recently, Ctyen (76) reported a new method for estimating the 
dry matter intake of grazing sheep from their oqtput which would 
overcome some of the difficulties associated with some "fecal index" 
regressions used in the past. It is based on the relationship of dry 
matter intake and dissolved fecal fraction output, thus avoiding the 
error involved in applying regressions of feces composition on dry 
matter digestibility developed at one level of intake indoors to 
studies of grazing animals at different levels of intake.
4, Total Digestible Nutrient Requirement Method.
This method takes into consideration the total nutrient require­
ments of the grazing animal for maintenance and production, changes in 
body weight, and the amount of supplementary feed given each animal 
(dairy cattle). The nutrients fed in the supplementary feed are 
subtracted from the total nutrients required, the remaining being
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credited to the pasture. More details on the method and results 
obtained by numerous investigators have been reviewed by Schneider 
et al. (96).
5. Digestibility Indicator Method.
Several indicators such as lignin, methoxyl group in lignin, 
fecal nitrogen excretion ratio, and chromogen-consumption excretion 
ratio can and have been used for measuring not only digestibility but 
also the consumption of forage (12, 15, 29, 38, 53, 54, 58, 64, 83, 
84, 88) .
Kane et al. (48) and Reid and Kennedy (82) reported that the 
simultaneous use of a naturally occurring indicator (i.e. lignin, 
chromogen) for the measurement of the indigestibility of grazed 
herbage, and an external indicator (i.e. chromium oxide) for the 
estimation of fecal output appears to be the most feasible means of 
deriving the intake of grazing animals. Other workers (8, 9, 106) 
have reported good agreement between herbage intakes estimated by 
this method and those from total fecal collection. The voluminous 
literature on the use of indicators in forage studies have been 
thoroughly reviewed by several research workers (7, 50, 70, 71, 82, 
89, 96, 110). The problem of greatest consequence in the measure­
ment of herbage intake is that associated with the errors of 
manually sampling forage and the selective grazing habits of animals.
E. Relationship between Chemical Composition and 
Some Measures of Nutritive Value
Several investigators (26, 27, 28, 31, 36, 67, 69, 78, 87,
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88, 89, 99, 111, 112) have reported close relationships between 
chemical constituents and apparent digestibility of the feeds. The 
values o"btained by these investigators are summarized in Table 1.
It is clearly shown that the degree of correlation varies with differ­
ent feeds used.
F. Relationship between Measures of Nutritive Value of Feeds
Very close relationships have been reported in the litera­
ture between digestible energy and digestible dry matter (101) and 
between digestible energy and total digestible nutrients (6, 13, 21,
59, 103, 105).
Moir (72) reported very close relationships between digestible 
energy and digestible dry matter (r = 0.998) and also between digestible 
energy content and dry matter digestibility (r = 0.998) using 12 
Merino wethers receiving nine dietary treatments. This close relation­
ship over a wide range of intakes and food consumption permitted a 
direct and highly accurate estimate of digestible energy intake for 
either sheep or cattle where intake and digestibility of dry matter 
are known. Similar correlation coefficients were obtained by Mellin 
et al. (66), r = 0.998, and Phillips and Loughlin (78), r = 0.925.
These data show that digestible dry matter may itself be considered 
as an accurate description of digestible energy content of feed- 
stuffs by ruminants.
The close relationship between digestible energy and total 
digestible nutrients is expected because both are estimated as feed- 
feces difference.
TABLE 1








Six grass species: 1956 -0.884*
Dry Matter Digestibility 
-0.711 0.887* Sosulski and Patterson, 1961 (99)
1957 -0.934** -0.806* 0.752 Sosulski and Patterson, 1961 (99)
Alfalfa pasture -0.074 -0.745** -0.224 Richards et al., 1958 (89)
Orchard grass pasture 0.985** -0.990** 0.499 Richards et al., 1958 (89)
Sudan grass pasture 0.280 -0.117 0.022 Richards et al., 1958 (89)
Combined (grass and pasture) 0.300 -0.578** -0.218 Richards et al., 1958 (89)
Timothy pasture -0.989 -0.882 0.950 Richards and Reid, 1952 (87)
Lespedeza sericea hays -0.970** -0.630** -0.500 Hawkins, 1959 (36)
Alfalfa hay -0.939** -0.784* 0.966** Phillips and Loughlin, 1949 (78)
Timothy hay -0.954** -0.842** 0.761* Phillips and Loughlin, 1949 (78)
Six grass species: 1956 -0.903*
Gross Energy Digestibility 
-0.755 0.873 Sosulski and Patterson, 1961 (99)
1957 -0.948** -0.841* 0.752 Sosulski and Patterson, 1961 (99)
Alfalfa hay -0.932** -0.787* 0.966** Phillips and Loughlin, 1949 (78)
Timothy hay -0.962** -0.872** 0.786** Phillips and Loughlin, 1949 (78)
Silage - -0.150 0.640** Walker and Hepburn, 1956 (112)
Blue grass pasture -0.930**
Total Digestible Nutrients 
-0.780 0.930** Forbes and Garrigus, 1948 (27)
Grass and legume pasture -0.960** -0.720 0.640 Forbes and Garrigus, 1948 (27)
Alfalfa hay -0.880** -0.860** 0.770 Meyer and Lofgreen, 1956 (67)
Oat hay -0.980** -0.980** 0.960** Meyer et al., 1957 (69)
Significant at P ^.05 **Significant at .01
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Significant correlations were also reported by Cox et al. (20) 
between estimated dry matter intake and milk yield. In trials conducted 
with one milking herd during one grazing season in 1960, Bertrand et al. 
(7) reported data on digestion coefficients, milk yield and body weight 
changes which indicated that pasture quality score and lignin content 
of the forage are valid measure of the nutritional and productive 
value of the pasture.
III. EXPERIMENTAL MATERIALS AND METHODS
A. Statement of the Problem
It is apparent from the review of literature that no one 
criterion can adequately describe the nutritional value of pasture 
herbage. The problem of greatest consequence in the measurement of 
herbage intake is that associated with the errors of manually sampling 
the forage and the selective grazing habits of animals. It is also 
apparent that in view of the shortcomings and inaccuracies inherent in 
the TDN system, a measure of digestible energy might be the best 
practical measure of the productive value of forages that can be 
obtained with facilities in all laboratories.
This study was undertaken at the Iberia Livestock Experiment 
Station, Jeanerette, Louisiana with lactating cows to determine the 
nutritive value of permanent pastures during the entire growing season 
in terms of protein, lignin, gross energy, digestibility, milk production 
and visual inspection; to determine the relationship between, and the 
reliability and accuracy of each measure; and to test the reliability 
of the esophageal fistula cannula as a method for collecting forage 
actually consumed by the grazing dairy cattle.
B. Experimental Design
1. Animals Used.
The milking herd consisted of Jerseys, Holsteins, Sindhi-Jersey 
crosses and Sindhi-Holstein crosses. These animals were allowed to 
graze on pasture as the sole source of roughage plus a concentrate
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allowance of one pound per day for each four pounds of milk produced 
daily by the Holsteins, and one pound per day for each three pounds 
of milk produced daily by the Jerseys.and Crossbred animals.
The animals used to evaluate pasture herbage in terms of milk 
production, with their respective birth dates and calving dates are 
presented in Table 2. Some of these animals are shown in Figure 1.
Group I consisted of six cows on pasture and six cows on alfalfa hay, 
while Group II consisted of four cows per treatment. The experimental 
period for Group I lasted for 188 days from March 22 through September 
25, 1960 while for Group II, it lasted for 137 days from May 13 through 
September 26, 1960. These animals were selected from the milking herd 
so that the cows on pasture and those on alfalfa hay were comparable 
as to stage of lactation, gestation and level of production. These 
animals were subjected to a two-week adjustment period and were fed ad 
libitum alfalfa hay and grain based on individual performance. At 
the end of this period, each pair was split into the two groups at 
random. The pasture cows joined the milking herd, while the alfalfa 
hay-fed cows remained on an optimum diet of alfalfa hay and grain.
The latter served as a positive control group to give an indication of 
what the lactating animals were capable of producing. Daily milk 
production records on these cows during their entire lactation period 
were obtained.
The animals used to evaluate pasture herbage in terms of
digestibility consisted of the last eight cows on the milking line and
two dry cows (Table 3). The latter served as indicator cows to furnish
data on intake and digestibility which supplemented the evaluation study 
with lactating cows. These animals are shown in Figure 2.
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TABLE 2
Birth Dates and Calving Dates of Cows Used 
to Evaluate Pasture in Terms of Production

































Cows Used during the Four Digestion Periods
Period
I II III IV
J-316-/ J-331 J-310 J-310
J-329 J-365 J-365 J-365
J-331 J-371 J-373 J-373
J-365 J-373 J-375 J-375
J-369 J-375 J-380 J-380
J-371 J-380 B-2647 B-2647
J-373 B-2647 B-3202 B-3202
J-375 B-3202 H-203 H-203
J-370^ J-329 S-06 J-339
S-62-^ J-369 SX-58 SX-58
a/—' J and B singnify Jersey, H signifies Holstein while S and SX 
signify Crossbred.
—^Last two cows on each period are dry cows (indicator cows).
Figure 1. Alfalfa hay-fed group.
Figure 2. Cows on digestion trial prior 
fecal collection time.
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Two dry cows (one Holstein and one Jersey) fitted with an 
esophageal fistula cannula as described by Rusoff and Foote (118) and 
harnessed with a collection bag were used to collect forage samples 
during the digestion trials. Figure 3 shows a cow fitted with an 
esophageal fistula cannula, while Figure 4 shows a fistulated cow 
harnessed with a collection bag.
2. Pasture.
a. Description and Management. Permanent pastures, under a 
five-year rotation system, and being grazed by the dairy herd were 
used for this study. The five-year rotation system consists mainly of 
first year seeding in oats, grasses including ryegrass, clovers, 
volunteer grasses, and sod-seeded oats and ryegrass in succeeding 
years. On the fifth year, these pastures are plowed and seeded to 
Alyce clover for hay.
The botanical composition of the pastures during each diges­
tion trial will be discussed later.
b. Measures for Evaluating Pasture. The pastures were 
evaluated in terms of the following measures: pasture quantity and 
quality scores; lignin, proOein ah<| energy contents of the herbage; 
herbage and total ration digestibility; and milk, milk fat and solids- 
not-fat production.
c. Pasture Scoring System. Scoring of pastures occupied 
by the milking herd was done daily throughout the study by the same 
individual. This was based on the score card of Hodgson and Shepherd 
(42) which considers pasture quantity and quality. The pasture 
quantity scores were based on whether or not the cows could secure a
Figure 3. A cow fitted with an esophageal 
fistula cannula.
Figure 4. A fistulated cow harnessed with 
a collection bag.
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good fill in a reasonable grazing time, and were made as follows:
Surplus = 21-30 points, adequate = 11-21 points, or deficient =
0-10 points. The pasture quality scores were given with particular 
attention to coarseness or stage of maturity and the succulence of 
the pastures and were as follows: Excellent = 31-40 points, good =
21-30 points, fair = 11-20 points, and poor =» 0-10 points. The 
instructions on pasture evaluation and a monthly pasture record sheet 
for the lactating herd are shown in Appendix Tables 23a and 24a, 
respectively.
d. Sampling of Herbage for Chemical Analyses. Herbage samples 
from pastures occupied by the milking herd were collected throughout the 
experiment by following and observing the cows while grazing and hand 
plucking samples which closely represented what the animals actually 
consumed. This was done at least one hour each day.
During the digestion periods, herbage samples were collected 
daily by hand plucking, and from the two esophageal fistulated cows 
for ten days starting on the third day of the 7-day preliminary period 
until the fifth day of the 7-day collection period. Forage samples 
from the fistulated animals were collected by harnessing the cows 
with a collection bag, removing the fistula stopper and allowing them 
to graze with the digestion cows for about 30 minutes to an hour. The 
fistulated cows were kept in a dry lot and off feed each afternoon 
during the sampling period to facilitate the collection of eaten 




Four digestion trials were conducted during the experimental 
period of 188 days on Fields 15A and 15B which were on the third year 
of the five-year rotation system. These trials were conducted at 
four stages in which it was felt that there was a change in the quality 
of the forage from the previous period. Each trial consisted of a 7-day 
preliminary period and 7-day fecal collection period.
The eight lactating cows received minimum amounts of grain 
depending upon their production while the two dry cows received no 
grain. All cows received 20 grams of chromic oxide daily (10 grams 
after each feeding) starting the day the animals were placed on the 
experimental pasture and continued for the length of each trial period. 
Chromic oxide was used as an external indicator to measure fecal dry 
matter output, while lignin in forage was used as an internal indicator 
to determine digestibility.
Fecal samples were collected rectally after the morning and 
afternoon milkings (approximately 6 a.m. and 4 p.m.) from each cow 
beginning on the eigth day after they were put on the experimental 
pasture and continued for seven days while on the same pasture.
A sample of the grain fed during each period was collected 
daily and composited for chemical analyses. Alfalfa hay samples from 
several bales were also taken.
4. Handling of Collected Samples.
The forage and fecal samples collected each day were placed 
in properly labelled plastic bags and frozen in the wet state. The
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composite samples of alfalfa hay were kept in burlap sacks while the 
composite samples of grain in sealed mason jars.
The forage samples collected during the entire experiment were 
composited on a 7-day basis while the 7-day fecal samples of each cow 
during each digestion period were composited on an equal wet weight 
basis. All forage and fecal samples were dried in a forced-air 
oven at 65° to 75° C. All samples were ground in a Wiley mill to pass 
a 20-mesh sieve. Aliquots from each sample were stored in sealed 
bottles for chemical analyses.
5. Ambient Temperature and Rainfall.
Ambient temperature, both maximum and minimum were recorded 
daily. Also, the amount of precipitation each day was recorded.
C. Methods of Analyses
Percentages of moisture, ash and crude protein were determined 
according to the procedure recommended by the Association of Official 
Agricultural Chemists (3) . The lignin content was determined by the 
method outlined by Rusoff and coworkers (90), which is a modification 
of the procedure of Moon and Abou-Raya (73) on the determination of 
"total lignin". Gross energy determinations were made in a Parr bomb 
calorimeter. The method described by Kimura and Miller (51) was used 
to determine chromic oxide.
D, Statistical Analyses
The analyses of variance and analyses of covariance were 
conducted according to the methods of Snedecor (97). Duncan's multiple
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range test (22) and Duncan's multiple range test as modified by 
Kramer (52) were employed to detect significant differences between 
group means.
The differences between the production of cows on pasture and 
the average production of cows on alfalfa hay were used as the Y 
values. Correlation coefficients were computed using the following: 
a) Y1 (difference between the average weekly milk production of each 
cow on pasture and the corresponding average of all cows on alfalfa 
hay), and all the X's (XI = pasture quantity score; X2 = pasture 
quality score; X3 = mean daily temperature, maximum plus minimum;
X4 = % lignin in herbage; X5 = % crude protein in herbage; X6 = 
gross energy content in herbage, cal./g.; and X7 = number of days 
with precipitation record during the week); b) Y2 (difference between 
the average milk fat production each cow on pasture and the corresponding 
average of all cows on alfalfa hay), and Y3 (difference between the 
average solids-not-fat production of each cow on pasture and the 
corresponding average of all cows on alfalfa hay) during the week of 
the month when milk was sampled for milk fat and solids-not-fat tests, 
and the corresponding X's (XI, X2, X3, X4, X5, X6, X7, and X8 = 
average milk production of cows on pasture); c) Y4 (difference between 
the average milk production of each cow on pasture and the corres­
ponding average of all cows on alfalfa hay during the four digestion 
periods) and the corresponding X's (XI, X2, X3, X4, X5, X6, X7, X9 = 
digestion coefficient for herbage dry matter, X10 = digestion coeffi­
cient for crude protein in herbage, Xll = digestion coefficient for 
grass energy content of herbage), Multiple regression and analyses
were also computed for the regression of Yl, on XI, X2, X3, X4, X5, 
X6, and X7, and also the regression of Y2, and Y3, on XI, X2, X3, 
X4, X5, X6, X7, and X8. Both correlation and regression analyses 
were computed at the Louisiana State University Computer Research 
Center,
IV. RESULTS AND DISCUSSION
A. Forage Species Composition of Pasture
The pasture herbage in Period I (April 8 to 21) consisted 
mainly of a luxuriant growth of S-l clover (Trifolium repens). a good 
growth of hop clover (Trifolium dubium) and wild barley, and oats 
(Avena sativa) and ryegrass (Lolium multiflorum) in the vegetative 
and pre-booting stage. Very small amounts of bur clover (Medicaeo 
hispida) were present, and Bermuda grass (Cynodon dactvlon) had just 
started on few spots.
The pasture herbage in Period II (May 24 to June 7) was poorer 
in quality compared to that of Period I because of lack of rain.
There was less luxuriant growth of S-l clover, and only small amounts 
of bur clover, while ryegrass had seeded out. Bermuda grass and Dallis 
grass (Pasoalum dilatatum) had started to come out.
In Period III (July 1 to 14), the pasture herbage consisted 
mainly of Dallis grass and Bermuda grass, very few spots of clover, 
and some Vasey grass (Paspalum urvellei) along the ditch banks. The 
short dry spell during the last three weeks of June resulted in poor 
quality of Bermuda grass and the restricted growth of vegetation.
The pasture herbage in Period IV (August 15 to 28) was better 
in growth and quality than that in Period III because of increased 
amounts of rain in late July and early August, The predominant grass 
species during this period were Bermuda grass and Dallis grass, small 
amounts of crab grass (Dieitaria saneuinalis), Vasey grass and Foxtail
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millet (Setaria italica). Many of the grasses had formed seed heads 
at this time.
Figures 5 to 8 show the type of pasture herbage available in 
Periods I to IV, respectively.
B. Chemical Composition including Lignin and 
Gross Energy Contents of Feedstuffs Used
1. Hand-plucked and Esophageal Fistula Herbage Samples.
Some of the chemical constituents including lignin and gross 
energy contents of hand-plucked and esophageal fistula samples obtained 
during each digestion period are shown in Table 4. Analyses of var­
iance for crude protein, ash, lignin and gross energy contents of the 
pasture herbage are presented in Appendix Tables la, 2a, 3a and 4a, 
respectively. Duncan's multiple range test on the means of each of 
these components are shown in Table 5.
The crude protein content of pasture herbage decreased from 
21.49 to 13.42 per cent during the first and fourth periods, respectively. 
Analysis of variance as shown in Appendix Table la reveals highly 
significant differences (P ^.01) between the values obtained during 
each period. Duncan's test on the means showed a highly significant 
difference in the crude protein content of herbage collected during 
the first two periods, a further significant decline (P ^.05) from 
Periods II to III, and no significant difference between values 
obtained for Periods III and IV. The crude protein contents of hand- 
plucked and esophageal fistula herbage samples were not significantly 
different.
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Figure 5. Pasture herbage during the first digestion
period (April 8 to 21, 1960).
38
Figure 6. Pasture herbage during the second digestion
period (May 24 to June 7, 1960).
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Figure 7. Pasture herbage during the third digestion
period (July 1 to 14, 1960) .
8. Pasture herbage during the fourth 
digestion period (August 15 to 28, 
1960).
TABLE 4
Some Chemical Constituents including Lignin and Gross Energy Content 
of Hand-plucked and Esophageal Fistula Herbage Samples 








a/ cal,./ g. 
4,440
4,092












































Duncan's Multiple Range Test on Some Chemical Constituents 
including Lignin and Gross Energy Contents of Forage 
between Digestion Periods and between 
Methods of Sampling Forage
Crude Protein Ash_______ Lignin_______ Gross Energy
Stat. Stat. Stat. Stat.
7° Sig.Ji/ 7o Sig. % Sig. cal./g. Sjg.
Period
I 21.49 a 13.29 a 5.55 d 4,291 a
II 15.40 b* 10.84 b 7.71 b 4,289 a
III 14.21 c* 10.53 b 9.07 a 4,312 a
IV 13.42 c 10.73 b 6.98 c 4,292 a
Method^
H.P. 15.71' a 9.41 b 6.50 b 4.375 a
E.F. 15.72 a 13.14 a 8.48 a 4,211 b
a/
~ Stat. Sig. means statistical significance at P ^  .01. Mean followed 
by letter "a" is significantly different from those means not having 
"a"; those followed by "b" are significantly different from those 
not followed by "b", etc.
—^H.P. denotes hand plucking method, while E.F. denotes esophageal 
fistula method.
* Significant at P ^.05.
The pasture herbage collected during Period I contained a 
significantly higher (P ^  .01) ash content than those collected during 
the three succeeding periods. The ash contents of fistula samples were 
significantly higher (P ^  .01) than those of hand-plucked samples for 
all periods. This is in agreement with results reported in the 
literature (5, 18, 23, 56, 57, 114). This difference can be explained 
by the contamination of the samples with the mineral contents of saliva.
Because animals graze selectively, one would expect the lignin 
contents of fistula samples to be lower than those obtained by hand 
plucking. Results (Table 4) from this study indicated that in all 
four periods, the herbage selected by the foraging animal had a higher 
lignin content. This may indicate more selectivity exercised by the 
person doing the hand plucking than the animal itself. Bath (5) 
reported slightly lower lignin contents in fistula samples as compared 
to that of hand-clipped forage. Lesperance et al. (56, 57) reported 
an increased crude fiber content in fistula samples with respect to 
time, even though the chemical composition of clipped samples remained 
fairly constant.
The gross energy content of the pasture herbage during the 
four digestion periods did not differ significantly. However, the 
gross energy content of fistula herbage samples were significantly 
lower (P ̂  .01) than the values obtained for hand-plucked samples.
This may be due to the higher ash content of fistula samples since ash 
or mineral matter has no energy value. The significant "period x 
method" interaction indicated that the energy contents of samples 
collected by the two methods behaved differently at different periods.
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The higher contents of crude protein and ash, and the lower 
lignin content of the herbage in Period I could be attributed to its 
higher content of clovers in proportion to grasses.
2. Alfalfa Hay Fed Cows on Dry-lot.
Good quality (U.S. No. 1) alfalfa hay was fed to the cows on 
dry lot during the entire experiment. Table 6 presents the crude protein, 
ash, lignin and gross energy contents of the hay. The crude protein 
content varied from 17.66 per cent in Period II to 20,86 per cent in 
Period IV, while lignin varied from 7.85 to 9.01 per cent. Ash and 
gross energy were fairly constant for all periods. The variations in 
chemical composition of hay over a period of time may be due to changes 
that may have occurred during storage.
3. Concentrates Used.
The concentrates consumed by cows in the milking herd were 
guaranteed to contain not less than 16 per cent protein. The chemical 
composition and gross energy content of the concentrate samples obtained 
during each digestion period, as shown in Table 7, showed that the 
concentrate ration fed during Periods III and IV was slightly higher 
in crude protein, and lower in crude fiber and lignin than in those con­
tained in the concentrates fed in Periods I and II, Nitrogen-free 
extract and gross energy contents were fairly uniform in all periods.
C. Pasture Scores and Ambient Temperature
The average pasture scores and ambient temperature (maximum and 
minimum) data during the four digestion periods are presented in Table 8. 
The data show that adequate quantities of pasture herbage were available
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TABLE 6
Some Chemical Constituents including Lignin and 
Gross Energy Contents of Alfalfa Hay Consumed by
Lactating Cows on Dry-lot (Dry Matter Basis)
Chemical Period





Ash 8.41 8.43 8.94 7.51
Lignin 8.08 9.01 7.85 7.91
Gross energy, cal./g. 4,471 4,414 4,460 4,498
TABLE 7
Chemical Composition including Lignin and Qross 
Contents of the Concentrate Fed during the 
Digestion Trials (Dry Matter Basis)
Energy
Chemical Period




Ether extract 5.07 5.03 4.66 5.87
Crude fiber 10.03 10.18 6.81 8.10
Nitrogen-free- extract 57.43 56.88 57.52 56.61
Ash 8.11 88.28 10.19 8.90
Lignin 5.83 5.74 3.60 4.63
Gross energy, cal./g. 4,165 4,174 4,165 4,302
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TABLE 8
Average Pasture Scores and Ambient Temperature 
During the Four Digestion Periods
Period
I II III IV
Quantity score 20.0 22.4 12.5 20.8
Quality score 32.4 25.6 13.8 19.7
Ambient temperature,
°F: Minimum 57.3 65.7 74.6 73.4
Maximum 78.4 91.4 94.1 89.8
Total 135.7 157.1 168.7 163.2
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during each period. Pasture quality score dropped from a score of 32.4 
in Period I to 25.6 in Period II, and a further drop to 13.8 in Period 
III. The drop during the first two periods is probably due to a 
decrease in the amount of clovers present, while in Period III, the 
clovers had already become dormant. A good amount of rain in late July 
and early August improved both the quantity and the quality of the pas­
tures in Period IV. The data also show the possibility of a close 
relationship between ambient temperature and pasture quantity and 
quality scores. The average ambient temperature (maximum plus minimum) 
ranged from 135.7° F. in Period I to 168.7° F. in Period III.
D. Total Ration Consumed During the Digestion Trials
The data obtained on the total ration consumed during the four 
digestion periods are summarized in Tables 9 to 12, inclusive.
1. Total Dry Matter Intake.
Total dry matter consumption in pounds per day was estimated 
from data on fecal dry matter output and indigestibility using lignin 
content of hand-plucked herbage and that of fistula herbage samples 
as internal indicator. The two estimates of total dry matter intake 
for each cow in Periods I through IV are presented in Tables 9 through 
12. The average values for each period are summarized in Table 13. 
Analysis of variance (Appendix Table 5a) showed highly significant 
differences (P ^  .01) in the average intakes between periods and between 
methods. However, there was no significant difference between the 
values obtained for Periods III (17.29 pounds) and IV (17.99 poqnds), 
while the difference obtained between Periods I (24.39 pounds) and II
TABLE 9
Total Ratio Consumed During Period I. Dry Matter Intake, Fecal Dry Matter Output
and Digestibility Coefficients of Dry Matter, Crude Protein and Gross Energy
Total Dry . 
Matter Intakê -
Total Fecal Digestibility
Cow Dry Matter 
Outout—
Dry Matter^ Crude Protein Gross Energy
No. H.P.—' E.F H.P. E.F. H.P. E.F. H.P. E.F.
■lb./'day---------------------  %
J-316£/ 24.12 16.08 8.02 66.75 50.12 72.56 58.00 68.11 48.75
J-329 27.42 18.10 8.92 67.47 50.72 72.45 57.39 68.99 49.58
J-331 33.12 21.92 11.69 64.70 46.66 70.06 53.80 64.65 42.70
J-365 28.59 19.48 9.18 67.89 52.87 70.46 55.64 64.47 50.58
J-369 29.42 19.99 9.05 69.24 54.73 73.15 59.62 69.88 52.53
J-371 31.59 21.98 9.47 70.03 56.92 72.57 59.74 70.23 54.44
J-373 30.11 20.41 8.86 70.57 56.59 72.46 58.50 71.46 55.00
J-375 
J-370^'
29.19 19.85 8.39 71.26 57.73 73.28 59.88 71.20 54.74
23.69 14.49 7.49 68.38 48.30 74.55 57.69 69.85 46.50
S-62 i/ 36.13
i
22.10 10.51 70.91 52.44 76.06 60.21 72.05 50.41
Average 29.34 19.44 9.16 68.72 52.72 72.76 58.05 69.49 50.53
—^Estimated from data on fecal dry matter output and indigestibility by using lignin as an internal
indicator.
—^Estimated from the concentration of C^Og in the feces, 
c/— Determined by using lignin as an internal indicator.
—^H.P. denotes hand plucking method, while E.F. denotes esophageal fistula method, 
e/— J signifies Jersey, while S signifies Crossbred.
~^Dry cows (indicator cows).
TABLE 10
Total Ration Consumed During Period II. Dry Matter Intake, Fecal Dry Matter Output
and Digestibility Coefficients of Dry Matter, Crude Protein and Gross Energy
Total Dry Total Fecal Digestibility
Cow Matter Intake§/ Dry Matter Dry Matter—/ Crude Protein Gross Enerev
No. H.P.d/ E.F.d/ Outputk/ H.P. E.F. H.P. E.F. H.P. E.F.
lb./day ----------    %
J-331—' 23.73 18.94 9.83 58.57 48.09 60.68 53.44 59.15 47.80
J-365 21.88 18.33 9.97 54.43 45.60 60.10 54.81 56.02 46.60
J-371 25.48 21.54 11.15 56.24 48.24 60.49 55.59 55.86 46.96
J-373 27.79 23.04 10.69 61.53 53.60 62.42 56.73 61.67 52.97
J-375 25.54 21.60 9.81 61.60 54.57 61.06 56.17 60.82 52.91
J-380 23.36 20.02 9.60 58.90 52.06 58.94 54.74 57.79 50.01
B-2647 22.75 18.85 9.60 57.81 49.07 60.23 54.45 59.15 49.82
B-3202 30.42 26.01 13.47 55.72 48.20 59.47 54.81 55.99 47.73
J-3291/ 17.61 14.05 7.78 55.81 44.64 61.84 54.82 57.62 45.84
J-369I/ 19.37 15.46 7.39 61.85 52.20 61.32 54.19 62.00 51.44
Average 23.79 19.78 9.93 58.25 49.63 60.65 54.97 58.61 49.21
—^Estimated from data on fecal dry matter output and indigestibility by using lignin as an internal 
indicator.
—^Estimated from the concentration of Ci^O^ in the feces.
—^Determined by using lignin as an internal indicator.
—^H.P. denotes hand plucking method, while E.F. denotes esophageal fistula method. 
—/j and B signify Jersey.
—^Dry cows (indicator cows).
TABLE 11
Total Ration Consumed During Period III. Dry Matter Intake, Fecal Dry Matter Output
and Digestibility Coefficients of Dry Matter, Crude Protein, and Gross Energy
Total Dry Total Fecal Digestibility
Cow Matter Intake^/ Dry Matter Drv Matter^/ Crude Protein Gross Energy
No. H.P.4/ E.F.d/ Outnutk/ H.P. E.F. H.P. E.F. H.P. E.F.
1h /dav 7u
J-310®/ 25.17 20.81 12.34 50.96 40.71 57.97 51.01 51.80 40.62
J-365 16.38 13.44 7.73 52.81 42.48 59.38 52.29 54.33 43.24
3-313 18.35 14.96 8.83 51.59 40.99 55.56 47.40 53.27 41.53
3-313 19.23 15.83 9.12 52.59 42.38 57.00 49.70 53.43 42.32
J-380 18.39 15.38 8.67 52.84 43.62 58.63 52.36 55.21 45.48
B-2647 14.81 12.22 7.45 49.68 39.05 57.86 50.81 51.61 40.26
B-3202 20.63 17.50 9.64 53.28 44.93 63.16 58.18 53.89 44.72
H-203 21.01 17.02 10.02 52.35 41.17 53.18 44.23 52.99 40.77
S-06 f 15.19 11.74 8.65 43.06 26.32 52.47 40.04 44.37 26.32
SX-58-4' 21.24 16.42 12.37 41.77 24.65 50.69 37.79 43.77 25.54
Average 19.04 15.53 9.48 50.12 38.63 56.59 48.38 51.47 39.08
—^Estimated from data on fecal dry matter output and indigestibility by using lignin as an internal 
indicator.
—^Estimated from the concentration of C^O-j in the feces.
—^Determined by using lignin as an internal indicator.
—^H.P. denotes hand plucking, while E.F. denotes esophageal fistula method, 
s I— J and B signify Jersey.
1/Dry cows (indicator cows).
TABLE 12
Total Ration Consumed During Period IV. Dry Matter Intake, Fecal Dry Matter Output
and Digestibility Coefficients of Dry Matter, Crude Protein and Gross Energy
Total Dry Total Fecal Digestibilitv
Cow Matter Intakê ./ Dry Matter Drv Matter£/ Crude Protein Gross Energy
No. H.P .£/ E.F. 9/ OutputjV H.P. E.F. H.P. E.F. H.P. E.F.
1̂ . / Hay °L
J-310S/ 19.14 17.00 9.37 51.05 44.87 57.07 52.58 51.38 43.61
J-365 16.14 14.05 7.67 52.48 45.42 57.52 51.99 54.20 45.56
J-373 17.58 15.27 7.72 56.08 49.44 59.82 54.52 57.79 49.68
J-375 17.43 15.28 7.69 55.88 49.67 60.91 56.11 57.05 49.38
J-380 18.94 16.69 8.36 55.86 49.91 59.59 54.64 56.19 48.71
B-2647 19.96 17.28 8.60 56.91 50.23 61.01 55.69 57.71 49.38




25.76 22.18 11.50 55.35 48.16 61.33 55.65 55.39 46.25
19.07 16.13 9.86 48.30 38.85 53.13 44.89 48.30 36.25
13.41 11.33 6.88 48.68 39.30 54.81 46.87 50.28 38.64
Average 19.27 16.72 8.84 53.78 46.68 58.63 52.92 54.64 45.78
—^Estimated from data on fecal dry matter output and indigestibility by using lignin as an internal 
indicator.
^Estimated from the concentration of Cr203 in the feces.
£./Determined by using lignin as an internal indicator.
—^H.P. denotes hand plucking method, while E.F. denotes esophageal fistula method. 
— and B signify Jersey; H signifies Holstein, while SX signifies Crossbred.
—^Dry cows (indicator cows).
TABLE 13
Average Dry Matter Intake, Fecal Dry Matter Output and Digestibility Coefficients 
of Dry Matter, Crude Protein and Gross Energy of Total Ration 
during Periods I through IV
Total Dry Total Fecal Digestibility
Matter Intake—^ Dry Matter Drv Matter^/1 Crude Protein Gross Energy
Period H.P.l/ E.F.d/ Output^/ H.P. E.F. H.P. E.F. H.P. E.F.
lb./day ----------    %
I 29.34 19.44 9.16 68.72 52.71 72.76 58.05 69.49 50.53
II 23.79 19.78 9.93 58.25 49.63 60.65 54.97 58.61 49.21
III 19.04 15.53 9.48 50.12 38.63 56.59 48.38 51.47 39.08
IV 19,27 16.72 8.84 53.78 46.68 58.63 52.92 54.64 45.78
a/— Estimated from data on fecal dry matter output and indigestibility by using lignin as an internal 
indicator.
—^Estimated from the concentration of t*ie feces.
c/— Determined by using lignin as an internal indicator.




(21.79 pounds) were significant only at P ̂  .05 (Table 14). Significantly 
higher (P ^  .01) estimates of total dry matter intake were obtained by 
using the lignin content of hand-plucked herbage than those obtained 
by using the lignin content of fistula samples.
2. Fecal Dry Matter Output.
The total fecal dry matter output for each animal in each 
period (Tables 9 through 12) were determined from the concentration of 
chromium oxide in the fecal dry matter.
3. Total Ration Digestibility.
The digestibility of the total ration in terms of digestible 
dry matter, digestible protein and digestible energy was calculated 
indirectly by using a combination of two index techniques: chromic
oxide to measure fecal dry matter per unit of time, and the lignin 
content (dry matter basis) in the herbage, total feces and concentrate 
to determine dry matter intake from herbage. Lignin was assumed to
be 100 per cent indigestible. By knowing the amounts of dry matter,
crude protein and gross energy consumed and their corresponding amounts 
in the feces, the digestibility coefficients were calculated.
The digestibility coefficients for the dry cows receiving 
pasture herbage alone were calculated by determining the ratio of the 
concentration of the reference substance (lignin) to that of a given 
nutrient in the feed and the same ratio in the feces resulting from 
the feed. The formula (B) as presented by Kane fet al. (49), gives
(B) 100 - 100 lignin in herbage x % nutrient in feces)
(% lignin in feces % nutrient in herbage)
the percentage of digestibility. The digestibility coefficients for
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TABLE 14
Duncan's Multiple Range Test on the Average Dry Matter Intake
for Total Ration and for Herbage Only between Digestion
Periods and between Methods of Sampling Forage
Total Ration Herbage Onlv
Stat. Stat.
lb./dav Si*.S/ lb./dav Sig,
Period
I 24.39 a* 20.53 a
II 21.79 b* 17.86 b
III 17.29 c 13.69 c
IV 17.99 c 15.19 c
Method^
H.P. 22.86 a 19.31 a
E.F. 17.87 b 14.32 b
a/— Stat. Sig. means statistical significance at the 1-per cent level of 
probability. Mean followed by letter "a" is significantly different 
from those means not having "a"; those followed by "b" are significantly 
different from those not followed by "b", etc.
b/H.P. denotes hand plucking method, while E.F. denotes esophageal 
fistula method.
* Significant at P ^  .05.
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dry matter (D. M.) were calculated using the formula (C).
(C) 100 - ioo»  D;,(/« lignin in fecal D. M.}
The digestibility coefficients for dry matter, crude protein 
and gross energy in the total ration obtained for each animal during 
the four digestion periods are presented in Tables 9 to 12, inclusive.
The analyses of variance as shown in Appendix Tables 6a, 7a and 8a 
reveal that highly significant differences (P ^  .01) existed between 
the coefficients obtained for each constituent for periods and for 
methods. Duncan's test (Table 15) on the means revealed significant 
differences except between the digestibility coefficients obtained for 
crude protein in Periods II and IV.
The average digestibility coefficients for dry matter, crude 
protein and gross energy were much higher in Period I compared to those 
obtained in the other periods. This may well be explained by the higher 
quality score obtained for pasture herbage during this period (Table 
8). It was during this period that the pasture contained an excellent 
stand of clovers which in turn was responsible for the much higher 
protein and much lower lignin contents (Table 4). The greatest decline 
in the digestibilities of all three constituents were obtained between 
Periods I and II. The pasture in the latter period contained lesser 
amounts of clover, and the average maximum ambient temperature recorded 
changed from an average of 78.4° F. in Period I to 91.4° F. in Period
II. This change in temperature plus a small amount of rainfall were 
responsible for the lower quality of herbage in Period II. As the summer 
months progressed, a further decline in digestibility was obtained, 
with the lowest values being present in Period III. It was during this
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TABLE 15
Duncan's Multiple Range Test on the Average Total Ration
Digestibility between Digestion Periods and between
Methods of Sampling Forage
Dry Matter Crude Protein Gross Energy
Stat. Stat. Stat.
% S i g . % Sig._______ X  Sig.
Period
I 60.71 a 65.40 a 60.01 a
II 53.94 b 57.81 b 53.90 b
III 44.38 d 52.49 c 45.27 d
IV 50.23 c 55.77 b 50.21 c
Method^
H.P. 57.71 a 62.16 a 58.55 a
E.F. 46.91 b 53.58 b 46.15 b
—^Stat. Sig. means statistical significance at the 1-per cent level of 
probability. Mean followed by letter "a" is significantly different 
from those means not having "a"; those followed by "b" are significantly 
different from those not following by "b", etc.
—^H.P. denotes hand plucking method, while E.F. denotes esophageal 
fistula method.
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period when the ambient temperature averaged a high of 94.1° F. that 
the pasture quantity and quality scores were lowest. A good amount of 
rainfall in late July and early August resulted in an improvement in 
the amount and quality of pasture, and therefore, resulted in an 
increase in the digestibility of pasture herbage.
It is interesting to point out the similarities or close 
agreement in the digestibility values obtained for each constituent 
by the animals within the same period (Tables 9 through 12).
The average digestibility coefficients for dry matter, crude 
protein and gross energy contents of the total ration for periods and 
for methods are summarized in Table 13. Results indicated that the 
average digestibility values for each constituent in all periods were 
higher for the hand-plucked samples than those obtained for fistula 
samples.
E. Herbage Consumed During the Digestion Trials
The data obtained on the consumption and digestibility of 
pasture herbage during the four digestion periods are shown in Tables 
16 to 19, inclusive. Analyses of variance for herbage dry matter 
consumed by cows during the digestion trials and for the digestibility 
coefficients of dry matter, crude protein and gross energy contents of
pasture herbage are presented in Appendix Tables 9a, 10a, 11a and 12a,
respectively. Duncan's test on the mean digestibility coefficients for 
periods and for methods are given in Table 20.
1. Herbage Dry Matter Consumption.
Herbage dry matter intake was calculated from lignin contents
TABLE 16
Herbage Consumed During Period I. Dry Matter Intake and Digestibility
Coefficients of Dry Matter, Crude Protein and Gross Energy
Herbage Dry Digestibility
Cow Matter Intake^/ Dry Matter— 1 Crude Protein Gross Energy
No. H.P.£/ E.F.c/ H.P. E.F. H.P. E.F. H.P. E.F.
1 v> 7
J-316i/ 20.69 12.65 67.40 46.64 71.72 53.00 67.82 42.89
J-329 24.00 14.67 68.14 47.90 71.69 52.95 68.85 44.73
J-331 28.83 17.63 64.98 42.73 68.98 48.44 63.90 35.95
J-365 23.44 14.34 68.99 49.30 68.90 48.31 68.15 43.49
J-369 24.29 14.85 70.60 51.85 72.21 53.81 69.85 46.51
J-371 24.74 15.13 72.02 54.24 71.17 52.08 70.28 47.27
J-373 24.97 15.27 72.17 54.49 71.40 52.46 71.74 49.32
J-375 . 
J-370^
24.05 14.70 73.60 55.90 72.34 54.03 71.44 46.50
23.69 14.49 68.38 48.30 74.55 57.69 69.85 46.50
S-62 ^ 36.13 22.10 70.91 52.44 76.06 60.21 72.05 50.40
Average 25.48 15.58 69.66 50.38 71.70 53.30 69.39 45.69
a /— Calculated from lignin contents of forage, concentrate and feces, and data on fecal dry matter
output using Cr203 as an external indicator.
— Calculated from lignin content of forage, concentrate and feces, data on fecal dry matter output 
using C^C^ as an external indicator, and digestion coefficients for the concentrate ration 
calculated according to the formula of Schneider, et al. (95).
c/- H.P. denotes hand plucking method, while E.F. denotes esophageal fistula method.
— signifies Jersey, while S signifies Crossbred.
Dry cows (indicator cows).
TABLE 17
Herbage Consumed During Period II. Dry Matter Intake and Digestibility
Coefficients of Dry Matter, Crude Protein and Gross Energy
Herbage Dry Digestibility
Cow Matter Intake^/ Dry Matter]?/ Crude Protein Gross Energy
No. H.P .sJ E.F .£/ H.P. E.F. H.P. E.F. H.P. E.F.
•5'
J-33L£l/ 23.73 18.94 58.57 48.09 60.68 53.44 59.15 47.80
J-365 17.61 14.05 52.48 40.46 48.75 39.32 52.75 39.62
J-371 19.50 15.56 54.32 42.76 53.14 44.55 51.69 38.26
J-373 23.51 18.77 61.35 51.58 58.52 50.88 60.22 49.16
J-375 19.56 15.61 61.32 51.54 53.96 45.49 58.12 46.47
J-380 16.52 13.19 57.41 46.64 49.08 39.72 52.92 39.84
B-2647 19.33 15.43 56.98 46.10 55.91 57.80 57.30 45.43
B-3202 21.88 17.46 53.07 41.21 49.51 40.29 50.72 37.02
J-329£/ 17.61 14.05 55.81 44.64 61.84 54.82 57.62 45.84
J-369®/ 19.37 14.56 61.85 52.20 61.62 54.19 62.00 51.44
Average 19.86 15.85 57.32 46.52 55.28 47.05 56.25 44.09
—^Calculated from lignin contents of forage, concentrate and feces, and data on fecal dry matter output 
using Cr2C>3 as an external indicator.
—^Calculated from lignin contents of forage, concentrate and feces, data on fecal dry matter output 
using as an external indicator, and digestion coefficients for the concentrate ratio calculated
according to the formula of Schneider et al. (95).
—^H.P. denotes hand plucking method, while E.F. denotes esophageal fistula method.
—/j and B signify Jersey
—^Dry cows (indicator cows).
TABLE 18
Herbage Consumed During Period III. Dry Matter Intake and Digestibility
Coefficients of Dry Matter, Crude Protein and Gross Energy
Herbage Dry    Digestibility___________________
Cow Matter Intake^/ Dry Matter^/ ' Crude Protein Gross Energy
No.________________ H.P. E.F. H.P. E.F.______  H.P. E.F.________H.P. E.F.
lb./day------   %
J-310i/ 19.16 14.80 48.04 32.76 49.81 36.68 46.34 28.94
J-365 12.95 10.00 50.82 36.36 53.06 40.78 50.35 34.25
J-373 14.92 11.53 49.95 35.24 48.71 35.29 49.58 33.23
J - 3 7 5 14.99 11.59 50.40 35.82 49.26 35.99 48.95 32.39
J-380 13.24 10.23 49.94 35.23 48.89 35.52 49.70 33.39
B-2647 11.37 8.79 46.48 30.74 49.97 36.88 46.30 28.88
B-3202 13.76 10.64 49.77 35.00 54.00 42.97 46.19 28.74
H-203 17.57 13.58 50.80 25.28 46.72 32.79 49.81 33.53
S-06 £ / 15.19 11.74 43.06 26.32 52.47 40.04 44.37 26.32
SX-58— 21.24 16.42 41.77 24.65 50.69 37.79 43.77 25.54
Average 15.44 11.92 48.10 31.74 50.36 37.37 47.54 30.52
Calculated from lignin contents of forage, concentrate and feces, and data on fecal dry matter output 
using Cr203 as an external indicator.
—^Calculated from lignin contents of forage, concentrate and feces, data on fecal dry matter output
using Cr203 as an external indicator, and digestion coefficients for the concentrate ration calculated 
according to the formula of Schneider et al. (95).
c/— H.P. denotes hand plucking method, while E.F. denotes esophageal fistula method.
— and B signify Jersey, H signifies Holstein, while S and SX signify Crossbred.
—^Dry cows (indicator cows).
TABLE 19
Herbage Consumed During Period IV. Dry Matter Intake and Digestibility






Dry Matter^/ Crude Protein Gross Enerev
H.P.£/ E.F.c/ H.P. E.F. H.P. E.F. H.P. E.F.
1h /riav %
J-310^/ 13.88 11.73 46.82 37.10 45.45 35.86 44.45 31.50
J-365 13.51 11.42 50.58 41.55 51.70 43.21 51.18 39.80
J-373 14.95 12.64 55.01 46.78 55.21 47.34 55.68 45.35
J-375 13.92 11.77 54-. 2 9 45.94 54.64 46.67 53.85 43.09
J-380 14.55 12.30 53.95 45.53 51.54 43.03 52.10 40.94
B-2647 17.33 14.65 56.10 48.08 57.31 49.81 55.88 45.59
B-3202 20.84 17.62 56.14 48.12 56.02 48.29 55.70 45.37
H-203 23.13 19.55 54.58 46.27 58.60 51.32 53.76 42.98
J-339®/ 19.07 16.13 48.30 38.85 53.13 44.89 48.30 36.25
SX-58®/ 13.41 11.33 48.68 39.30 54.81 46.87 50.28 38.64
Average 16.46 13.91 52.44 43.75 53.84 45.73 52.12 40.95
a /— Calculated from lignin contents of forage, concentrate and feces, and data on fecal dry matter output 
using Cr203 as an external indicator.
Calculated from lignin contents of forage, concentrate and feces, data on fecal dry matter output 
using C^O^ as an external indicator; and digestion coefficients for the concentrate ration calculated 
according to the formula of Schneider et al. (95).
—^H.P. denotes hand plucking method, while E.F. denoted esophageal fistula method.
—/ J and B signify Jersey, H signifies Holstein, while SX signifies Crossbred.
il/Dry cows (indicator cows).
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TABLE 20
Duncan's Multiple Range Test on the Average Digestibility
of Herbage between Digestion Periods and between
Methods of Sampling Forage
Dry Matter Crude Protein Gross Energy
Stat. Stat. Stat,
%______ Sig.3/ %_______Sig_.________%______ Sjg.
Period
I 60.02 a 62.60 a 57.54 a
II 51.92 b 51.17 b 50.17 b
III 39.92 d 43.87 c 39.03 d
IV 48.10 c 49.78 b 46.53 c
Method—^
H.P. 56.88 a 57.85 a 56.32 a
E.F. 43.10 b 45.86 b 40.30 b
—^Stat. Sig. means statistical significance at the 1-per cent level of 
probability. Mean followed by letter "a" is significantly different 
from those means not having "a"; those followed by "b" are signifi­
cantly different from those not followed by "b", etc.
—^H.P. denotes hand plucking method, while E.F. denotes esophageal 
fistula method.
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of herbage, concentrate and feces, and the data on fecal dry matter 
output using chromic oxide as an external indicator. The data 
obtained for each animal in Periods I through IV and for two methods of 
sampling forage are presented in Tables 16 through 19 and the averages 
are summarized in Table 21. It was not necessary to adjust the intake 
values for each animal on the basis of their body weights as indicated 
by the small regression coefficients obtained in the analyses of 
covariance (Appendix Tables 13a and 14a). Highly significant differences 
were obtained for intakes of herbage dry matter between periods and 
between methods (Appendix Table 9a). However, no significant difference 
was shown between the values obtained for Periods III and IV (Table 14).
The average values for herbage dry matter intake estimated by 
using the lignin content of hand-plucked samples were higher than 
those estimated using esophageal fistula samples (Table 21). This 
may be explained by examining the calculations of the herbage intake 
values. Lignin in herbage was assumed to be completely indigestible, 
thus the total amount of lignin in the feces after correcting for the 
amount contributed by grain is equal to the lignin content (per cent) 
of the herbage. On this basis, therefore, the higher the lignin 
content of the herbage, the lower will be the estimated intake of dry 
matter. On the other hand, the assumption that lignin is completely 
indigestible may be erroneous.
2. Digestibility of Herbage.
To estimate the digestibility of herbage alone with lactating 
cows by the difference method, the digestibility coefficients for the 
organic nutrients in the concentrate ration were calculated according
TABLE 21
Average Dry Matter Intake and Digestibility Coefficients of Dry Matter, Crude Protein




Dry MatterJl/ Crude Protein Gross Energy
H.P.£/ E.F.£/ H.P. E.F. H.P. E.F. H.P. E.F.
7n
I 25.48 15.58 69.66 50.38 71.90 53.30 69.39 45.69
II 19.86 15.85 57.32 46.52 55.28 47.05 56.25 44.09
III 15.44 11.93 48.10 31.74 50.36 37.37 47.54 30.52
IV 16.46 13.91 52.44 43.75 53.84 45.73 52.12 40.95
—^Calculated from lignin contents of forage, concentrate and feces, and data on fecal dry matter output 
using C^C^ as an external indicator.
Calculated from lignin contents of forage, concentrate and feces, data on fecal dry matter output 
using C^C^ as an external indicator, and digestion coefficients for the concentrate ration calculated 
according to the formula of Schneider et al. (95).
—^H.P. denoted hand plucking method, while E.F. denotes esophageal fistula method.
O'■C'
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to the formulas presented by Schneider et al. (95). Ash was assumed to 
be 50 per cent digestible (74), while gross energy was assumed to be 
70 per cent digestible (based on 70 per cent TDN). These values were 
used to correct for the amounts of dry matter, crude protein and gross 
energy in the fecal residue contributed by the concentrate ration.
The digestibility of pasture herbage during the four digestion 
periods is presented in Tables 16 through 19, in terms of the digesti­
bility coefficients for dry matter, crude protein and gross energy.
The averages are summarized in Table 21. Analyses of variance (Appendix 
Tables 10a, 11a and 12a) indicated that significant differences existed 
between the values obtained during each digestion period and between 
the two methods. However, Duncan's test (Table 20) on the means re­
vealed no significant differences between the digestibilities of crude 
protein in herbage during Periods II and IV.
F. Data on Milk Production
The actual milk production of cows on pasture or alfalfa hay 
in Groups I and II during the digestion trials are presented in Tables 
22 and 23, respectively, and the average values for the treatments 
under each group are illustrated in Figures 9 and 10 to show relative 
decline in production. The cows on alfalfa hay were used as a positive 
control group to give an indication of what the lactating animals would 
be capable of producing. It was then assumed that under this optimum 
condition, the average decline in milk production of these cows was 
principally due to a normal lactation decline. The decline in the milk
production of cows on pasture in both groups may be due partly to a
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TABLE 22
Actual Milk Production of Cows in Group I 
during Each Digestion Period
Cow State of Period
No. Lactation I II III IV
-- days id*/ Octy—
1A. Pasture Group
J-360S./ 106-294 24.4 21.2 17.8 15.2
H-201 53-241 39.8 32.8 25.2 12.6
H-218 58-246 34.7 31.2 24.1 25.2
H-3453 119-307 41.8 37.7 30.7 29.1
H-3623 105-293 38.0 36.2 29.5 26.1
X-450 119-307 30.0 28.0 23.3 22.6
Average 93-281 34.8 31.2 25.1 21.8
IB. Alfalfa Hav Group
J-358 109-297 26.8 22.0 19.4 17.8
H-217 89-277 28.2 25.0 21.7 20.6
H-760 79-267 34.1 26.5 21.0 18.5
H-3466 41-229 47.8 34.7 28.0 23.6
H-3642 133-321 27.7 25.5 18.5 10.3
X-449 109-297 24.0 24.1 23.1 16.0
Average 93-281 31.5 26.3 21.9 17.8
a/~ J signifies Jersey, H signifies Holstein, while X signifies Crossbred.
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TABLE 23
Actual Milk Production of Cows in Group II during 
the Second, Third and Fourth Digestion Periods
Cow State of Period
No. Lactation II ‘III IV
2A. Pasture Group
H-215—^ 30-167 28.5 21.4 22.9
X-439 17-154 55.6 40.4 42.1
X-451 26-163 36.6 28.8 28.8
SX-17 42-179 37.4 29.8 26.7
Average 29-166 39.5
2B. Alfalfa Hav Group
30.1 30.1
J-342 42-179 33.3 26.3 16.6
H-213 23-160 35.7 31.5 30.7
X-454 23-160 27.4 25.4 25.4
SX-25 24-161 46.9 39.8 36.2
Average 28-165 35.8 30.7 27.2
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Figure 10. Average milk production of cows in Group II during the digestion trials.
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normal decline in lactation and partly to a decline in both quantity 
and quality of pasture, and other factors.
G. Body Weight Changes
The gain or loss in body weight by cows on each digestion 
period of 14 days are presented in Table 24. The analysis of variance 
as shown in Appendix Table 15a revealed that a highly significant 
difference existed in body weight changes during the four digestion 
periods. However, Duncan's test (Appendix Table 16a) on the means 
showed no significant differences between values obtained for Periods 
I and II, and between values for Periods II and IV. The cows in 
Period III lost an average of 1.4 pounds.
The gain or loss in body weight by cows on pasture or on 
alfalfa hay in Groups I and II during the digestion trials are 
presented in Tables 25 and 26, respectively. Analyses of variance 
for gain or loss in body weight by cows in treatments 1A and IB 
(Appendix Tables 17a and 18a) again showed highly significant (P ̂  .01) 
changes between periods. The tests of significance (Appendix Table 
19a) showed no significant differences between the values obtained in 
treatment 1A for Periods II, III and IV, while in treatment IB, the 
values for Periods II and IV were not significantly different.
The analyses of variance for gain or loss in body weight by 
cows in treatments 2A and 2B (Appendix Tables 20a and 21a) revealed a 
significant difference (P ^ .05) between periods only for data 




Gain or Loss in Body Weight by Cows on Each 
Digestion Period of 14 Days





Cow Gain or 
No. Loss
Cow Gain or 
No. Loss
Cow Gain or 
No. Loss
lb- lb. lb. lb.
J-316-/ 15 J-331 22 J-310 -12 J-310 4
J-329 28 J-365 23 J-365 - 7 J-365 - 1
J-331 16 J-371 21 J-373 - 4 J-373 5
J-365 26 J-373 26 J-375 - 2 J-375 11
J-369 31 J-375 - 2 J-380 14 J-380 14
J-371 23 J-380 15 B-2647 7 B-2647 1
J-373 19 B-2647 7 B-3202 1 B-3202 11
J-375 22 B-3202 14 H-203 - 6 H-203 38
J-370^ 31 J-329 5 S-06 - 5 J-339 28
S-62 y 31 J-369 30 SX-58 - 1 SX-58 - 1
Average 24.2 - 16.1 - -1.5 - 11.0
— and B signify Jersey, H signifies Holstein, while S and SX signify 
Crossbred.
—^Dry cows or indicator cows (last two cows in each period).
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TABLE 25
Gain or Loss in Body Weight by Cows in Group I 
during Each Digestion Period of 14 Days
Cow Period
No. I II III IV
1 h
1A. Pasture Group
J-360^ 36 11 21 0
H-201 53 25 -22 6
H-218 42 10 -17 2
H-3453 92 -27 -49 10
H-3623 49 9 13 12
X-450 32 17 -21 22
Average 50.7 7.5 -12.5 8.7
1A. Alfalfa Hav Group
J-358 23 5 - 4 12
H-217 77 5 - 7 2
H-760 33 3 -20 20
H-3466 38 3 -28 1
H-3642 40 9 -J4 30
X-449 46 26 -10 12
Average 42.8 8.5 -13.8 12.8
Si /— J signifies Jersey, H signifies Holstein, while X signifies Crossbred.
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TABLE 26
Gain or Loss in Body Weight by Cows in Group II during 
the Second, Third and Fourth Digestion 
Periods of 14 Days Each
Cow Period
No. I II III
JLU .
2A. Pasture GrouD
H-215-/ - 2 -19 31
X-439 4 9 10
X-451 14 8 20
SX-17 -13 -19 16
Average 0.7 -5.2 19.2
2B. Alfalfa Hav Group
J-342 -10 - 9 18
H-213 -11 - 8 19
X-454 8 3 7
SX-25 16 - 5 1
Average 0.7 -4.7 11.2
a/—'J signifies Jersey, H signifies Holstein, while SX signifies Crossbred.
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In general, the largest gains in body weight by all cows in 
Period I may be attributed to the better quantity and quality of pasture.
It is apparent from these results that the animals made the 
largest gains in body weight during Period I, followed by the gains 
obtained in Periods II and IV, and that the animals lost weight in 
Period III. These correspond with the trends in pasture quantity and 
quality scores, and also with the data on average ambient temperature 
for each period. Similar results were obtained by Bertrand et al. (7).
H. Relationship Between the Factors Studied 
and the Measures of Production
It is known that a normal decline in pasture quality which 
occurs as the pasture season progresses, may follow the normal decline 
in milk production, thereby resulting in a correlation between milk pro­
duction and pasture quality, where actually no relationship exists. 
Bertrand et al, (7) used the persistency figure, 0.9144, of Corley (19) 
to calculate the expected lactation curves and stated that this figure 
might be too high for Louisiana conditions. Thus, in order to correct 
for this, a positive control group of cows fed an optimum diet of 
alfalfa hay and grain was used. These cows were similar in stage of 
lactation, gestation and level of production to the cows subjected 
to the pasture treatment. The actual lactation curves of cows on 
pasture or on alfalfa hay treatments for Groups I and II are shown 
in Figure 11. The average milk production for each treatment during 
the adjustment period was used as the initial point on each curve; 
this average level of production for each paired treatment was very 
similar. However, when the cows were split into their respective
Figure 11. Actual lactation curves of cows on pasture or 
alfalfa hay in groups I and II; the trends in 
pasture quality score, lignin and crude protein 
contents of pasture herbage during the experi­
mental period.
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treatments, the average production of cows on alfalfa hay for both 
groups declined rather abruptly during the first seven to ten days 
after the split was made. This splitting process may have caused some 
psychological effect on the cows that remained under the alfalfa hay 
treatment and as a result of less competition among them there may 
have been a reduction in their dry matter intakes. It is also possible 
that, by chance, the cows on alfalfa hay were less persistent than those 
on pasture. The increase in the production of cows on pasture in 
Group I can be attributed to the presence of excellent quality pasture 
herbage during the early period of the experiment, while the decline 
in the level of production of cows on pasture in Group II at the early 
period of the experiment was due to the decline in both quantity and 
quality of pasture at this time (Figure 11).
The difference between the production of each cow on pasture 
and the corresponding average production of all cows on alfalfa hay 
was calculated and used as the dependent variable, Y. Four different 
Ys were calculated namely: Y1 or milk production factor during the
entire pasture growing season (March 25 through September 25, 1960),
Y2 or milk fat production factor for the week of the month when milk 
was sampled for milk fat test, Y3 or solids-not-fat production for the 
week of the month when milk was sampled for solids-not-fat test, and 
Y4 or milk production factor during each digestion period of 14 days.
These were related to the corresponding independent variables. The 
correlation coefficients between Y1 and its corresponding Xs obtained 
during the entire pasture growing season are presented in Table 27.
Very low but significant correlation coefficients, r = 0.192 and r = 0.190,
TABLE 27
Simple Correlation Coefficients between All Independent
Variables and the Measure of Milk Production
Obtained Weekly during the Entire Pasture Growing Season
xi*/ X2 X3 X4 X5 X6 X7
Y1A—/ 0.085 0.192* -0.114 -0.092 0.190* 0.110 -0.004
Y1B 0.183 0.166 -0.153 -0.132 -0.013 0.002 -0.018
XI 1.000 0.652** -0.627** -0.494** 0.163* 0.030 -0.045
X2 1.000 -0.816** -0.773** 0.803** 0.331** -0.186*
X3 1.000 -0.776** -0.581** -0.030 0.352**
X4 1.000 -0.580** -0.051 0.297**
X5 1.000 0.569** -0.170*
X6 1.000 0.416**
X7 1.000
£/xi = Pasture quantity score, X2 = Pasture quality score, X3 = Mean daily temperature (maximum
plus minimum), X4 = % Lignin in herbage, X5 = % Crude protein in herbage, X6 = Gross energy content 
of herbage (cal./g.), and X7 = Number of days with precipitation record during the week.
—^YIA and Y1B = Difference between the average milk production of each cow on pasture, and the 
corresponding average of all cows on alfalfa hay, groups I and II, respectively.
* Significant at P^. .05.
irkSignificant at P <^.01.
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were obtained between Y1A (measure of milk production for Group I) and 
X2 (pasture quality score), and between Y1A and X5 (% crude protein in 
herbage), respectively. This could be attributed to the excellent 
quality and high protein content of pasture herbage available to the 
animals in Group I from April 1 to about the middle of May. This may 
have allowed the cows to fully express their productive capabilities 
during this period, after which time the average production curves of 
cows on both treatments followed the same trend. No significant 
correlations (Table 27) were obtained between Y1B (measure of milk 
production for Group II) and all the Xs obtained weekly during the 
137-day experiment.
Results on two multiple regression analyses (Table 28) showed 
that only 4.9 per cent of the variance in Y1A and 3.7 per cent of the 
variance in Y1B were due to regression on the Xs. This confirms the 
low correlations obtained above. None of the "b-values" (regression 
coefficients) obtained were significant. These results would indicate 
that the changes in the measure used were gradual during the entire 
experiment. Also, the similarity between the average persistency index 
obtained for cows on pasture and that obtained for cows on alfalfa 
hay (Table 29) would lend further suppqrt to the results obtained.
The correlation coefficients between all the independent variables, 
XI through X8, and the measures of milk fat production, Y2, and solids- 
not-fat production, Y3, are shown in Table 30. Highly significant 
positive correlations were obtained only between Y2 and X8 (actual 
milk production of cows on pasture), and between Y3 and X8. Results of 
multiple regression analyses (Table 31) show that the variations in
TABLE 28
Multiple Regression Analysis IZU
188-•dav Experiment 137-dav Experiment
b sb X b sb X
xi-/ -0.0477 0.3237 19.80 0.0567 0.7235 18.95
X2 0.2866 0.3280 21.67 0.2943 0.6667 18.42
X3 0.0349 0.0951 156.04 -0.0667 0.2459 161.01
X4 0.9259 1.0957 6.96 0.0597 3.5596 7.30
X5 0.1442 0.5914 15.16 -0.2591 1.0533 13.80
X6 -0.0063 0.0260 4,405 0.0050 0.0456 4,402





cl /— Using weekly data, 
b/
XI = Pasture quantity score, X2 = Pasture quality score, X3 = Mean 
daily temperature (maximum plus minimum), X4 = % Lignin in herbage, 
X5 = % crude protein in herbage, X6 = Gross energy content of 
herbage (cal./g.), and X7 = Number of days with precipitation record 
during the week.
c /— Mean difference between the average milk production of each cow on 
pasture and the corresponding average of all cows on alfalfa hay.
Significant at P ^.01.
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TABLE 29
Persistency Index of Cows 
Pasture Herbage in Terms i











1A. Pasture IB. Alfalfa Hav
J-360—/ 1.0738 J-358 1.2259
H-201 0.5878 H-217 1.3762
H-218 1.1331 H-760 0.9399
H-3453 0.9388 H-3466 0.9036
H-3623 1.2373 H-3642 0.6648
X-450 1.2984 X-449 1.5876
Average 1.0259 Average 1.0842
Group II
2k. Pasture 2B. Alfalfa Hav
H-215 1.4237 J-342 1.0315
X-439 1.2537 H-213 1.6100
X-451 1.4174 X-454 1.8344
SX-17 1.2216 SX-25 1.3739
Average 1.3151 Average 1.4387
— Persistency Index = A ..~. B , where A = total milk produced during the 
entire experimental period, and B = total milk produced during the 
first quarter of the experimental period.




Simple Correlation Coefficients between Each Independent Variable, 
and the Measures of Milk Fat and Solids-not-fat Production^/
Y2Ay Y2B Y3A£/ Y4B
Y2 1.000 1.000
Y3 0.798** 0.692** 1.000 1.000
xi—/ 0.146 -0.309 0.045 0.128
X2 0.326 -0.201 0.274 0.158
X3 -0.272 0.323 -0.203 -0.154
X*e/ -0,190 -0.239 -0.197 -0.209
X5—/ 0.316 -0.197 0.300 0.138
X6—/ 0.210 0.026 0.195 0.065
X7 -0.112 0.229 -0.083 -0.011
X8 0.693** 0.446** 0.846** 0.836**
—/using data obtained during the week of the month when milk was
sampled for milk fat and solids-not-fat tests, April through September.
—^Y2a and Y2B = Difference between the average milk fat production of
each cow on pasture and the corresponding average of all cows on
alfalfa hay, Groups I and II, respectively.
c/— Y3A and Y3B = Difference between the average solids-not-fat production
of each cow on pasture and the corresponding average of all cows on
alfalfa hay, Groups I and II, respectively.
—/xi = Pasture quantity score, X2 = Pasture quality score, X3 = Mean 
daily temperature (maximum plus minimum) , X4 = Lignin in herbage,
X5 = % Crude protein in herbage, X6 = Gross energy content of herbage 
(cal./g,), X7 = Number of days with precipitation record, and X8 = 
Actual milk production of cows on pasture..
e/-'Hand-plucked forage..
Significant at P (  .01.
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TABLE 31
Multiple Regression Analysis II—^
Milk Pat Solids--not-fat
b SK b Sh X
Xl^ -0.3732 -0.3946 -0.4295 -0.3588 19.63
X2 0.9315 -1.7184 1.0973 -1.5622 20.26
X3 0.0932 0.3453 0.1178 -0.3139 154.34
X4 -0.4649 -1.4789 -0.8076 -1.0866 7.02
X5 -1.7410 -2.8608 -2.1421 -2.6008 14.94
X6 0.0074 -0.0138 0.0092 -0.0126 4,406
X7 0.0824 -0.2185 0.1384 -0.1986 2.20
X8 -.0225** 0.0039 0.0631** 0.0035 33.52
Y2c/ 0.23 Y3£/ 0.33
n 36 n 36
bo -29.97 bo -36.38
R 0.8530** R 0.9716**
—^Using data for the week of the month when milk was sampled for milk 
fat and solids-not-fat tests during the 188-day experiment.
—^X1 - Pasture quantity score, X2 = Pasture quality score, X3 = Mean 
daily temperature (maximum plus minimum), X4 = % Lignin in herbage, 
X5 = % Crude protein in herbage, X6 = Gross energy content of 
herbage (cal./g.), X7 = Number of days with precipitation record 
during the week, X8 = Actual milk production of cows on pasture.
—^Y2 = Mean difference between the average milk fat production of each 
cow on pasture and the corresponding average of all cows on alfalfa 
hay, and Y3 = Mean difference between the average solids-not-fat 
production of each cow on pasture and the corresponding average of 
all cows on alfalfa hay.
**Significant at P ^  .01.
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milk fat and sqlids-not-fat production are principally caused by varia­
tions in actual milk production as indicated by the highly significant 
regression coefficient with X8.
No significant correlations were found between Y4 (measure of 
milk production during each digestion period) and all the independent 
variables (XI to X7, and X9 to Xll) as shown in Tables 32 and 33.
I. Relationship between the Independent Variables
The correlation coefficients between the independent variables 
obtained during the entire pasture growing season (March 22 through 
September 25, 1960) are presented in Table 27. X2 (pasture quality 
score) was highly significantly correlated (r = 0.652 with XI 
(pasture quantity score) indicating that a decline in pasture quality 
score followed a decline in pasture quantity score, or vice versa.
XI and X2 were both affected by ambient temperature as shown by the 
high significant (P ^  .01) negative correlation coefficients (r =
-0.627 and r = -0.816) between ambient temperature and these two vari­
ables, respectively. However, it is not definitely known how ambient 
temperature is involved. These relationships may have been due to the 
effect of photoperiodism on the botanical composition of pasture herbage 
and possibly to the maturity of the forage. As was pointed out previously 
in this paper, there was a change in the botanical composition of 
pasture during each successive digestion period. It is also a 
well known fact that as plants mature, lignin increases while crude 
protein decreases. This is further confirmed by the highly significant
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TABLE 32
Simple Correlation Coefficients between the Independent Variables
and the Measure of Milk Production of Cows in Group IsJ
Y4l/ X9 xio Xll
Xi£/ 0.104 0.460 0.290 0.441
X2 0.024 0.973* 0.905 0.966*
X3 0.015 -0.997** -0.991** -0.998**
X4 0,014 -0.941 -0.958* -0.951*
X5 -0.047 0.928 0.966* 0.933
X6 -0.074 0.712 0.839 0.737
X7 0.041 -0.420 -0.414 -0.406
X9 -0.049 1.000 0.977* 0.999**
xio -0.030 1.000 0.984*
X U -0.008 1.000
3. /Using data collected during each digestion period of 14 days, and 
using the lignin, crude protein and gross energy contents of 
hand-plucked herbage for calculating digestibility.
—^Y4 = Difference between the average milk production of each cow on 
pasture, and the corresponding average of all cows on alfalfa hay.
c/—'XI = Pasture quantity score, X2 = Pasture quality score, X3 =
Mean daily temperature (maximum plus minimum), X4 = % Lignin in 
herbage, X5 = % Crude protein of herbage, X6 = Gross energy content 
of herbage (cal./g.), X7 = Number of days with precipitation record,
X9 = Digestion coefficient for dry matter, X10 = Digestion coefficient 
for crude protein, and Xll = Digestion coefficient for gross energy.
Significant at P <,.05.
**Significant at P ( .01.
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TABLE 33
Simple Correlation Coefficients between the Independent Variables
and the Measure of Milk Production of Cows in Group I§/
Y4—/ X9 xio Xll
Xi£./ 0.104 0.835 0.701 0.886
X2 0.024 0.934 0.967* 0.910
X3 0.015 -0.813 -0.910 -0.761
X4 -0.025 -0.907 -0.913 -0.880
X5 -0.034 0.644 0.771 0.584
X6 0.042 -0.708 -0.837 -0.633
X7 0.041 0.014 -0.091 0.042
X9 0.051 1.000 0.978* 0.995**
xio 0.027 1.000 0.952*
Xll 0.062 1.000
a /— Using data collected during each digestion period of 14 days, and
using the lignin, crude protein and gross energy contents of esophageal 
fistula herbage samples for calculating digestibility.
—^Y4 = Difference between the average milk production of each cow on 
pasture, and the corresponding average of all cows on alfalfa hay.
C j
—  XI = Pasture quantity score, X2 = Pasture quality score, X3 =
Mean daily temperature (maximum plus minimum) , X4 = °L Lignin in 
herbage, X5 = % Crude protein of herbage, X6 = Gross energy content 
of herbage (cal./g.), X7 = Number of days with precipitation record,
X9 = Digestion coefficient for dry matter, XIO = Digestion coefficient 
for crude protein, and Xll = Digestion coefficient for gross energy.
* Significant at P .05.
Significant at P ^  .01.
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(P ̂  .01) negative correlation (r = -0.580) between lignin and crude 
protein. X2 had a highly significant (P .01) negative correlation 
(r = 0.773) with X4 (% lignin in herbage) indicating that pasture 
herbage with a high quality score would contain lower amounts of lignin. 
As was expected, X2 was highly significantly (P ^  .01) correlated 
(r = 0.803) with X5 (% crude protein in herbage) since pasture quality 
scoring was influenced by the amount of clover present; the latter, 
in turn, increased the protein content of herbage. These results are 
in agreement with those reported by Bertrand et al. (7). It is further 
shown that a highly significant (P ^ .01) correlation of 0.331 existed 
between X2 and X6 (gross energy content of herbage), and of 0.569 
between X5 and X6.
Tables 32 and 33 present the simple correlation coeffi­
cients between XI to X7 and X9 (digestion coefficient for dry matter),
X10 (digestion coefficient for crude protein) and Xll (digestion 
coefficient for gross energy) obtained during each digestion period.
As observed in Table 32, significant (P ^ .05) positive correlation 
coefficients existed between X2 and X9 (r = 0,973) and between X2 and 
X U  (r = 0.966). Negative values were obtained between X4 and X10 
of r = -0.958 and between X4 and Xll of r =-0.951, which were significant 
at P (, .05. These correlations indicate that as lignin increases, or 
protein decreases the digestibility of pasture herbage decreases.
These changes in the chemical composition of pasture herbage are closely 
associated with maturity and also with the quality of the herbage.
Similar relationships have been reported by several investigators
(36, 78, 89, 99, 112) as shown in Table 1. The highly significant 
(P ̂  .01) negative correlations between X3 (mean daily temperature) 
and the measures of digestibility (X9, X10 and Xll) can probably be ex­
plained by the high negative relationships between X3 and X2, X4, and 
■X5, repsectively, as seen in Table 27. No significant correlations were 
found between gross energy content of herbage and the measures of digest­
ibility. These results indicate that pasture quality score, or the lignin 
or crude protein contents of pasture herbage may be useful criteria of 
the digestibilities of dry matter, crude protein and gross energy. 
Significant (P<^ .05) positive correlations were found between the 
digestibility coefficients, X9 and X10 (0.977) and X10 and Xll (0.984); a 
highly significant (P <. .01) correlation coefficient (r = 0.999) was 
obtained between X9 and Xll. Highly significant (P .01) correlations 
were also obtained between herbage dry matter intake and the above 
measures of digestibility (Table 34). In a study using dairy cattle, 
Bertrand et al. (7) reported a highly significant (P ^ .01) correlation 
coefficient (r = 0.809) between herbage dry matter intake per 100-pound 
body weight and dry matter digestibility; while Schneider et al. (96) 
using sheep reported a negative correlation coefficient (r = -0.978) 
between dry matter consumption and digestible dry matter.
J. General Discussion
The actual trends in the average milk production of the cows on
pasture and on alfalfa hay for both experimental groups, and the relative
changes in the pasture quality score, lignin, and crude protein contents 
of pasture herbage during the experimental period are more clearly
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TABLE 34
Simple Correlation Coefficients between Dry Matter 
Intake and Digestibility of Dry Matter 
Crude Protein and Gross Energy
Digestibility (oer cent)
Drv Matter Crude Protein Gross Energy
Total Ration
H.P.5./ 0.756** 0.727** 0.728**
E.F.-/ 0.559** 0.500** 0.510**
Herbage Alone
H.P. 0.739** 0.765** 0.751**
E.F. 0.467** 0.556** 0.509**
S/h .P. denotes hand plucking method, while E.F. denotes esophageal 
fistula method.
kk Significant at P ^  .01.
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illustrated in Figure 11. The results obtained under the conditions of 
this study indicate that only a small portion (3.86 to 4.87 per cent) 
of the variations in milk production was accounted for by the variability 
in all the independent variables studied (Table 28). Bertrand et al.
(7) reported that only 9.9 per cent of the variance in the measure of 
milk production was due to regression on the Xs, and that pasture 
quality scoring proved valuable as an index in determining when to 
start supplemental summer forage feeding of lactating cows.
A comparison between the actual milk production of cows on 
pasture in Groups I and II showed that season of calving and stage of 
lactation did not influence the response of cows to available pasture 
during the experimental period (Tables 2, 22 and 23). A comparison of 
the actual milk production of cows on pasture with the production of a 
similar group of cows on alfalfa hay showed that in Group I, the cows 
on pasture maintained a higher level of production throughout the 
experimental period as compared to those on alfalfa hay even during the 
time when pasture quality was at its lowest. In Group II, however, the 
average production of cows on pasture dropped below the average produc­
tion level of the cows on alfalfa hay during mid-summer when pasture 
quality was low. At the start of the experiment, the average stage of 
lactation of cows in Group I was 93 days while the average stage of 
lactation for cows in Group II was 29 days (Table 22 and 23). The 
latter group of cows, therefore, needed better quality forage for full 
expression of their inherent potentialities for milk production
Further research must be done on the use of esophageal fistula 
animals as sampling agents in the nutritional evaluation of pasture
herbage. The data obtained in this study indicate that more selectivity 
was exercised by the person doing the sampling than the animals them­
selves or contamination of herbage with saliva is involved as shown by 
the higher lignin content of the fistula herbage samples (Table 4).
Since animals differ in their grazing habits, it is believed that the 
use of several lactating animals fitted with esophageal fistulas as 
sampling agents instead of fistulated dry cows would result in a better 
estimate of the forage selected by lactating cows. It is recommended 
that further research needs to be done to study the effect of saliva 
in the determination of lignin of esophageal forage samples.
V. SUMMARY AND CONCLUSIONS
The nutritive value of permanent pastures for dairy cattle was 
determined for the entire growing season, April through September,
1960, by using the following measures: lignin, crude protein, gross 
energy, digestibility, pasture scoring and milk production. The relia­
bility and accuracy of the independent variable in predicting milk 
production were studied, and the interrelationships between the inde­
pendent variables were ascertained so as to arrive at a few easily 
obtained and meaningful prediction factors. The reliability of the 
esophageal fistula cannula as a method for collecting forage actually 
consumed by the grazing dairy cattle was also tested.
Four digestion trials were conducted at four periods in which 
it was felt that there was a change in the quality of the forage from 
the previous period. Eight lactating cows and two dry cows were used 
in each digestion period of 14 days. Pasture herbage samples were 
collected throughout the experimental period by the hand plucking method. 
In addition, two dry cows fitted with an esophageal fistula cannula 
were used to collect pasture herbage samples during each digestion peri­
od. Milk production records, pasture quantity and quality scores, 
ambient temperature and the amount of precipitation were recorded daily.
The average crude protein content of pasture herbage declined 
from 21.49 per cent in April to 13.42 per cent in August, with the 
greatest significant decline (P ^  .01) between April and June. The 
average lignin content increased significantly (P ^  ,01) from 5.55 per 
cent in April to 9.07 per cent in July, followed by a significant
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decline (P ̂  .01) in August. No significant differences were found 
between the gross energy values obtained between periods.
The esophageal fistula herbage samples contained significantly 
higher (P ̂  .01) lignin and ash, and lower gross energy contents than 
the hand-plucked samples.
Pasture herbage was higher in digestibility during the early 
part of the growing season (April to May), followed by a significant 
decline (P .01) in digestibility during mid-summer (June to July), 
and a slight improvement in digestibility in the latter part of 
August. Similar trends were obtained in the average herbage dry matter 
consumption by the cows indicating a direct relationship between the 
measures of digestibility and dry matter consumption. These results 
show that succulent pasture herbage containing a high proportion of 
clovers was highly digested, and may have resulted in a faster rate of 
turnover in the digestive tract which increased consumption.
Very low significant positive correlations were obtained 
between the measure of milk production and pasture quality score and 
crude protein in herbage during the 188-day experimental period from 
March 22 through September 25, 1960. The regression analysis indicated 
that"only 3.7 to 4.9 per cent of the variation in milk production was 
due to regression on the independent variables. The variations in 
milk fat and solids-not-fat production were principally due to 
variations in actual milk production.
Highly significant (P ̂  .01) positive correlations were 
obtained between pasture quality score and crude protein content of 
herbage, pasture quality score and gross energy values, and between
crude protein and gross energy. The correlations between pasture 
quality score and ambient temperature, and between pasture quality 
score and lignin content of herbage were negative at the 1-per cent 
level of probability. Significant (P ̂  .05) correlation coefficients 
were also obtained between the digestibility measures of pasture 
herbage and pasture quality scores, crude protein and gross energy, 
respectively. Dry matter intake was also significantly (P^ .01) 
correlated with the measures of digestibility of pasture herbage.
These results indicate that pasture quality score, per cent 
crude protein in herbage and per cent lignin in herbage may be useful 
criteria of the digestibilities of dry matter, crude protein and gross 
energy of pasture herbage, and therefore, may be good measures of 
the nutritive value of permanent pasture. Further research on per­
manent pastures is recommended.
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Analysis of Variance for Crude Protein Content
of Pasture Herbage Collected by Two Methods









Period 3 617.2914 205.7638 61.19**
Method 1 1.0047 1.0047 <  1
P x M 3 3.8962 1.2987 < 1
Error 65 218.5763 3.3627
**Significant at P ^ .01
TABLE 2a
Analysis of Variance for Ash Content of Pasture 
Herbage Collected by Two Methods of Sampling 









Period 3 76.37 94 25.4598 4.93**
Method 1 253.7596 253.7596 49.12**
P x M 3 59.4386 19.8129 3.84*
Error 65 335.8021 5.1662
Significant at P ^.05.
Significant at P ^.01.
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TABLE 3a
Analysis of Variance for Lignin Content of Pasture
Herbage Collected by Two Methods of Sampling









Period 3 105.9765 35.3255 65.30**
Method 1 71.7039 71.7039 132.54**
P x M 3 2.1767 0.7256 1.34
Error 65 35.1662 0.5410
**Significant at P<( .01.
TABLE 4a
Analysis of Variance for Gross Energy Content 
of Pasture Herbage Collected by Two Methods 









Period 3 6,581 2,193.6667 <  1
Method 1 490,774 490,774.0000 27.52**
P x M 3 169,275 56,425.0000 3.16*
Error 65 1,093,965 17,830.2307
Significant at P ^  .05. 
Significant at P ^.01.
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TABLE 5a
Analysis of Variance for Total Dry Matter









Period 3 666.5812 222.1937 19.76**
Method 1 497.9541 497.9541 44.27**
P x M 3 165.9853 55.3284 4.92**
Error 72 809.7778 11.2469
Significant at P <  .01 •
TABLE 6a
Analysis of Variance for Digestibility Coefficients 
of Dry Matter in the Total Ration Consumed 









Period 3 2,810.9979 936.9993 54.63**
Method 1 2,335.5006 2,335.5006 136.18**
P x M 3 230.4221 76.8074 4.48**
Error 72 1,234.8304 17.1504
**'Significant at P ^.01.
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TABLE 7a
Analysis of Variance for Digestibility Coefficients 
of Crude Protein in the Total Ration Consumed 









Period 3 1,809.8541 600.9514 56.37**
Method 1 1,471.9848 1,471.9848 138.08**
P x M 3 271.8764 90.6256 8.50**
Error 72 767.5183 10.6600
MeSignificant at P ̂  .01,
TABLE 8a
Analysis of Variance for Digestibility Coefficients 
of Gross Energy in the Total Ration Consumed 









Period 3 2,313.4147 771.1382 45.34**
Method 1 3,075.9441 3,075.9441 180.86**
P x M 3 323.4255 107.8085 6.33**
Error 72 1,224.5073 17.0070
** . Significant at P V..01.
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TABLE 9a
Analysis of Variance for Herbage Dry Matter









Period 3 547.1171 182.3724 20.87**
Method 1 498.0519 498.0519 50.99**
P x M 3 166.0899 55.3633 6.33**
Error 72 629.2629 8.7398
** jSignificant at P ̂ ,.01.
TABLE 10a
Analysis of Variance for Digestibility Coefficients 
of Dry Matter in Herbage Consumed 









Period O 4,187.0932 1,395.6977 96.19**
Method 1 3,799.4218 3,799.4218 261.85**
P x M 3 358.6881 119.5627 8.24**
Error 72 1,044.7251 14.5101
**
Significant at P <  .01.
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TABLE 11a
Analysis of Variance for Digestibility Coefficients
of Crude Protein in Herbage Consumed









Period 3 3,680.7294 1,226.9098 76.67**
Method 1 2,874.7224 2,874.7224 179.64**
P x M 3 368.6207 122.8736 7.68**
Error 72 1,152.1966 16.0027






Variance for Digestibility Coefficients 
Gross Energy in Herbage Consumed 








To tal 79 10,216.9661
Period 3 3,560.0131 1,186.6710 82.31**
Method 1 5,126.8823 5,126.8823 355.62**
P x M 3 492.0778 164.0259 11.38**
Error 72 1,027.9929 14.4166
** - Significant at P ^.01.
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TABLE 13a
Analysis of Covariance for Herbage Dry Matter Consumption^/ 





Variance d.f. Z  x2 xy 1L.V1 d.f. £ d v .v2 M.S.
Total 39 983,222*78 2,281.35 1,022.21 38 1,016.92
Period 3 64,715.68 -5,455.99 615.11
Error 36 918,537.10 7,737.34 407.10 35 341.92 9.77
Test for adjusted means 3 675.00 225.00
h = 7.737. 34 _ n nna r> _ 225.00 - 23.03**918.507. 10 9.77
a/— Estimated using 
fistula method.
lignin analysis for forage collected by the esophageal
Significant at P <  .01.
TABLE 14a
3. /Analysis of Covariance for Herbage Dry Matter Consumption- 
Adjusted for Body Weights Obtained During the Digestion Trials
Source
of y  s
Deviations 
✓ from Regression
Variance d.f. Z  d.f. ^  d,7. M.S.
Total 39 983,22.78 -2,772.38 1,179.82 38
* T
1,172.00
Period 3 64,715.68 -6,096.55 703.30
Error 36 918,507.10 3,324.17 476.52 35 464.49 13.27
Test for adjusted means 3 707.51 235.84
. 3.324. „ 235.84 = 17.77**918.507. 10 “ °*004 F " 13.27
—^Estimated using lignin analysis for forage collected by the hand 
plucking method.
iti?Significant at P K. .01.
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TABLE 15a
Analysis of Variance for Gain or Loss in Body Weight









Period 3 3,480.9 1,160.30 12.75**
Error 36 3,277.0 91.03




Range Test on Gain or Loss in 
on Each Digestion Period of 14
Body
days
Period I II III IV
Gain or loss 24.2 16.1 -1.5 11.0
Stat. Sig.—/ a ab c b
—^Stat. Sig. means statistical significance at the 1-per cent level. 
Means followed by letter "a" are significantly different from those 
not followed by "a"; those followed by "b" are significantly diffe­
rent from those not followed by "b", etc.
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TABLE 17a
Analysis of Variance for Gain or Loss in Body Weight
by Cows on Pasture (1A) during Each Digestion









Period 3 12,700.16 4,233.39 11.19**
Error 20 7,567.67 378.38




Variance for Gain or Loss in Body Weight 
Alfalfa Hay (IB) during Each Digestion 









Period 3 9,777.83 3,259.28 21.08**
Error 20 3,092.00 154.60
**
Significant at P ^  .01.
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TABLE 19a
Duncan's Multiple Range Test on Gain or Loss in Body 
Weight by Cows in Group I during Each 
Digestion Period of 14 Days
Period I II III IV
Gain or Loss 50.7
1A. Pasture Group 
7.2 -12.5 8.7
Stat. Sig.5./ a b b b
Gain or Loss 42.8
IB. Alfalfa Hay Group 
8.5 -13.8 12.8
Stat. Sig. a b c b
—^Stat. Sig. means statistical significance at 1-per cent level. 
Means followed by letter "a" are significantly different from 
those not followed by "a", etc.
TABLE 20a
Analysis of Variance for Gain or Loss in Body Weight 
by Cows on Pasture (2A) during the Second, Third 









Period 2 1,324.67 662.35 4.40*
Error 9 1,354.25 150.47
* Significant at P ^  .05.
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TABLE 21a
Analysis of Variance for Gain or Loss in Body Weight
by Cows on Alfalfa Hay (2B) during the Second,









Period 2 528.67 264.33 2.78
Error 9 856.25 95.14
TABLE 22a
Duncan's Multiple Range Test for Gain or Loss in Body 
Weight by Cowd on Pasture (2A) during the Second, 
Third and Fourth Digestion Periods of 14 Days Each
Period II III IV
Gain or Loss 0.7 -5.2 19.2
Stat. Sig.^/ ab b a
a/— Stat. Sig. means statistical significance at 5-per cent level.
Means followed by letter "a" are significantly different from those 
not followed by "a".
TABLE 23a
Instructions on Pasture Evaluation
Kind of pasture - Give botanical composition of pasture, e.g.
Dallis grass, Bermuda grass and S-l clover. State the approximate 
percentages of each of the grasses and clovers in the pasture. Give 
hours on pasture.
Quantity of pasture - The scores for surplus, adequate and deficient 





Quality Scores - More or less explanatory. Pay particular 
attention to coarseness or stage of maturity and the succulence 
of the pastures.
31-40 = Excellent - excellent growth and suc­
culence
21-30 = Good - young and succulent growth
11-20 = Fair - some feed coarse and mature
' 0-10 = Poor - mostly coarse and mature.
No succulent feed
Weather conditions - Record the amount of rainfall, if any, each
day; whether clear, partly cloudy, or very cloudy, and maximum
and minimum ambient temperatures.
Describe the supplemental forage feeding program, e.g. 5 lbs.
Alyce clover hay and 30 lbs. grass silage per cow.
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TABLE 24a
Monthly Pasture Record for Lactating Herd 
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